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PREFACE TO THE TENTH EDITION 


In this edition the entire work has been carefully revised. Mis¬ 
takes and typographical errors have been corrected as far as observed. 
Some omissions have been made and some new subject-matter inserted. 

The use of the book in colleges has indicated the advisability of 
giving some instructions to students who find themselves unprepared 
to start in with analytical work at once. This requirement is met in 
the chapter on “Instructions to Students/^ 

The entire aim of the book is to give instructions that will produce 
good technical results if carefuUy followed, without embodying too 
large a mass of alternate methods that are apt to be confusing. 

It is hoped that this new edition may more fully merit the favor 
accorded in the past. 

A. H. Low. 

Denver, Colorado, September, 1927. 




PREFACE TO THE FIRST EDITION 


This book is primarily intended as an aid to the technical chemist, 
but it is hoped it may also prove useful to the student desiring to 
become acquainted with technical methods. 

It is a common experience with technical chemists to receive 
a sample of material with instructions to return the percentage 
of some constituent whose technical determination is more or less 
unfamiliar imder the given conditions. In such a case the chemist 
has recourse to his books, and too frequently is quite unable to find 
a method that is exactly adapted to the material in hand, or that 
begins at the beginning and tells him just how to proceed. He is 
thus left to work out his own salvation, possibly at the expense of 
much valuable time. 

In this book an attempt has been made to supply the want thus 
indicated by describing methods that are adapted to the cases most 
likely to be met in practice, although it is sometimes practically 
impossible to devise a short technical method that will meet every 
probable case. 

It has been my aim to make the descriptions so minute and com¬ 
plete that if the operator will follow them exactly he can scarcely 
fail to obtain satisfactory results. But herein lies a difficulty. There 
seems to be a tendency among technical chemists not to follow direc¬ 
tions exactly. In carrying out a method, the alert operator sees a 
short-cut and takes it, or a “better way” occurs to him and he intro¬ 
duces it in the place of the one given. There would be no ultimate 
harm in this (since ail methods fall short of perfection) if the operator 
would only take the time to investigate and determine the real value 
of his ideas. In some cases he might discover that his supposed 
improvement was spoiling a good method, and he would come to 
agree with the author of the method who had himself probably gone 
over the same ground. I have seen methods of my own thus mod- 
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ified, and ideas hastily adopted whose incorrectness I had previously 
demonstrated by careful investigation. 

I would, therefore, caution operators to accept directions as 
they stand until they have demonstrated the value of proposed 
changes to a certainty. 

Some of the methods in the following collection have been devised 
by myself, mainly on the basis of previously well-known facts, some 
are compilations of the work of others, and some are modifications 
of existing methods. I have endeavored to give proper credit in all 
cases. 

While I have aimed at correctness, many shortcomings will 
undoubtedly be found, and I can only hope that, such as it is, my 
work may prove of some value to those interested. I shall be grateful 
for any suggestions, or descriptions of improved methods, to be 
incorporated in a possible future edition. 

My thanks are due to Dr. W. F. Hillebrand for valuable informa¬ 
tion and suggestions. 

A. H. Low. 

Denver, Colorado, May, 1905. 
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INSTRUCTIONS TO STUDENTS 


WEIGHING 

It is assumed that a small portion of a properly* dried and mixed sample of powdered 
ore is issued to each student. My own practice is to issue these portions on small squares 
of paper, with the instructions to the students to use what they require and return the 
remainder. At the outset all the students have the same ore. 

Mix the sample with the spatula and then spread it out in a thin 
uniform layer. Usually, 0.5 gram is to be weighed out. See that the 
balance is in perfect adjustment, so that when the beam is lowered 
upon the knife-edges the pointer stands at o and remains there. 

Place the 0.5-gram weight in the left-hand pan. Hold the right- 
hand pan in the left hand, and, with the spatula, take up small portions 
of the ore from perhaps a dozen different places on the sample and 
transfer them to the pan, endeavoring to take about 0.5 gram in all. 
Now replace the pan on the balance and adjust the weight of ore 
exactly, removing or adding a little as necessary. Do this by releas¬ 
ing the pans after each adjustment and noting the movement of the 
pointer, and continue until the pointer finally stands at o after lower¬ 
ing, without appreciable movement. 

Do not xmdertake to weigh by noting the relative swings of the 
pointer. Such a method of weighing is tmquestionably exact, but 
requires too much time. In rapid technical work the swing method 
is. seldom used, as the method described above, wherein the slightest 
mitial movement of the pointer is noted and adjustments quickly 
made, will result in attaining all necessary accuracy with a great 
saving of time. 

After the correct weight is obtained, gently tap the ore from 
the pan into the flask or beaker, using the flat side and not the edge 
of the spatula for tapping, so as not to injure the pan. 

Brush in the adhering dust from the pan with a camers-hair 
pencil. Do this delicately, using the side of the bristles and not the 
tips. 
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In cagpia where the ore is to be followed by a roughly weighed 
powdered reagent, the danger of loss is lessened by weighing tlie 
reagent on the same pan without first brushing off the adhering ore 
dust. When the reagent is tapped from the pan it will take most of 
the ore dust with it, and very little brushing will be necessary. This 
plan is especially useful when the ore leaves much adhering matter. 

With a hygroscopic ore, where the weight changes rapidly on 
exposure, the above method of open weighing should not be used. 
The properly dried ore, in sufficient amount, is contained in a small 
weighing bottle. The weight of the whole is taken, then approxi¬ 
mately 0.5 gram of the ore is poured into the receptacle and the 
waght taken again. When the amount eventually secured is approx- 
imatdy 0.5 gram, this will suffice, as the final result can be easily 
calculated to the half-gram basis. 


FILTRATION 

For much of the routine work of technical ore anal3rsis a filter 
pump is unnecessary; the loop funnel will very satisfactorily take 
its place. Loop funnels can now be purchased from the supply 
houses.* About 3 inches in diameter at the top is a convenient size. 
In filtering, the loop will cause the liqmd to form a continuous column 
in the tube below and the weight of this column will produce a suction 
in the filter above. A long stem will give a strong suction, but a 
length of 10-12 cm. is usually sufficient. A platinum cone is not 
used, as the suction is not strong enough to render it necessary. In 
order to make the filter fit properly, the second fold is made with one 
side larger than the other, so that the opened filter will have an angle 
of something more than 60°. The wet filter will then fit the funnel 
at the top and be too small below. This will prevent entrance of air 
and increase the filtering surface, so that slight suction will effect 
rapid filtration. After the filter has been placed in the funnel, it is 
held until moistened and then the top is fitted with the finger until 
it is as air-tight as possible. In working by this method, nothing 
would be gained by using a funnel having an angle of exactly 60°. 

In folding a filter it is a good plan, after the first fold, to tear off 
ahout a quarter of an inch from one of the comers. When the com- 


* Tlie Denver Eire Clay Co., the Mme & Smelta Sxipply Co, Denver. 
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pleted filter is now placed in the funnel and wetted, the tom corner, 
coming next to the glass, will break the continuity of an air channel 
that might form along the adjacent fold. 

After a filter has been fitted, so that it draws no air, which would 
indicate a leak, it will sometimes settle down lower in the funnel 
during the filtration, at the same time for ming an opening on the top 
edge. The open space next the funnel will be V-shaped, and some of 
the precipitate may get over into the bottom of the V. In this case 
there need be no loss; the precipitate will not pass the bottom of the V. 
Do not make the mistake of attempting to dose the opening, for as 
soon as the top is closed the bottom will open, and the predpitate 
will pass on. AH such openings may be dosed before beginning the 
filtration, but not afterward, unless no predpitate has yet gotten over. 

Whenever the occasion will pennit the use of a porcelain filter 
plate, it will usually be found much superior to an ordinary folded 
filter for rapidity of filtration and washing. The filter-plate arrange¬ 
ment is intended to be used with suction, but the loop funnel will 
provide suffident suction in most cases, and it has the further ad¬ 
vantage that the filtrate can be received in any desired receptacle, 
without the use of a bell-jar and plate, and transference can thus be 
avoided. The filter plate, also called a Witt’s plate, is made in vari¬ 
ous sizes. A convenient size for a 3-inch loop funnel has a diameter 
of about 375 mm. The corresponding paper is a little larger—the 
size sold as Whatman’s No. 2 (4.25 cm.). 

To prepare the filtering arrangement, proceed as follows: Center 
the filter on the plate and wet it. Hold the funnel inverted and raise 
the plate and filter into place; still holding the arrangement secure, 
reverse the funnel to its proper position and then set it in its support. 
Prepare some paper pulp by violently shaking scraps of filter paper 
in an 8-oz. stoppered flask with about 150 cc. of a hot water. Pour 
a little of this pulp over the filter. Using an inverted wash-bottle, 
pour water into the funnel several times, allowing the filter to drain 
each time, to distribute the paper pulp and fill up any leakages 
around the edges of the filter. 

Asbestos pulp may of course, be substituted for paper pulp, if 
desired. 

The above arrangement can be used to great advantage in many 
places where the directions in the text call for an ordinary filter. 
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WASHING A FILTER 

I believe it is customary to instruct students to endeavor to keep 
the wash solution from getting above the top of the filter, in order to 
avoid loss of precipitate over the edge. My own instructions, based 
upon the assumption that a loop funnel and a properly fitted filter 
are used, are just the contrary. Always wash above the filter. 
There will be no loss of precipitate, and the thorough washing of the 
top of the filter (a most important point) is insured. If the precipitate 
crawls above the filter, it may all be saved when the filter is removed, 
by folding over the filter on itself and wiping out the funnel with a 
twisting motion. 


THE BURETTE 

Cleanup.—^Always see that the burette is clean before use. Mere 
washing with distilled water is not sufficient. Grease and dirt are 
likely to accumulate on the inside walls, causing a contained liquid 
to have an irregular top surface that is difficult to read. 

Poiu a little cleaning solution* several times through the tube 
and then wash out with water. The interior of a burette that has 
been used for permanganate is likely to be lined with a coating of 
MnOa. A little strong hydrochloric acid will quickly remove it. 

Stopcock.—^This should be kept well greased. Remove and dry 
it, and dry its fitting with a piece of rolled filter paper. Now grease 
the stopcock with a thin layer of vaseline, or other stiff lubricant, 
taking care not to obstruct the hole, and replace in the burette. 

Filling with Standard Solution.—^Unless the burette is absolutely 
clean and dry, the following procedure diould always be carried out: 
Close the stopcock, shake the standard solution and pour about 2 or 3 
inches of the liquid into the burette. Stopper the burette, invert it 
once or twice and then allow the liquid to run out, either through 
the tip or the top. Do this at least three times, allowing the burette 
^o drain completely after each washing with the standard solution. 
After the last draining, fill with the standard solution. 

* Cleaning Solution.—^Dissolve 5 grams of powdered commercial sodium dichromate 
in 500 cc. of commercial sulphuric acid. The solution may be used cold, but is more 
effective when warm. It is poured through burettes and into flasks, etc., to remove 
organic matter and other films. 
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Positioxi of the Burette.—^The burette should be supported in the 
holder in a position as nearly vertical as posable, in order that the 
level of the liquid may coincide with the markings on the tube. 

Reading the Burette.—^Bring the eye on a level with both front 
and back of the top edges of the liquid and then read the position 
of the bottom of the meniscus. This avoids parallax and gives all 
readings from the same relative position. The reading of the exact 
position of the lower edge of the meniscus is facilitated by placing 
the finger, or a strip of paper, back of the burette and just touching it, 
immediately below the meniscus and as close to it as possible. With 
an opaque liquid, where the bottom of the meniscus cannot be seen, 
read the top edge, lining the eye on a level with the front and back, 
as before. A float is often used with opaque liquids, the reading 
being taken from the mark on the float. A float is very useful if it 
works perfectly, but it must exactly fit the burette, so as to be always 
perpendicular and never stick or drag. 

Care of the Burette.—^It is always best to drain a burette after 
use and rinse it out with water. Remove the stopcock and then 
replace it with a small piece of paper between the surfaces, to prevent 
sticking. Never leave a caustic alkali solution standing in a burette, 
as it is almost certain to cause the stopcock to stick. If a stopcock 
sticks, do not try to force it, but go to the instructor for a ronedy. 


CALIBRATION 

For accurate work, the calibration of the measuring apparatus 
used in the laboratory is a very important matter. Flasks, burettes 
and pipettes, as ordinarily received from the supply houses, are 
likely to be more or less incorrect in their markings. Unless the 
apparatus to be used is known to be correct, or is furnished with 
corrections, it becomes necessary to calibrate it. For volumetric 
work it is not really necessary that the apparatus should be absolutely 
correct, provided the different measures all correq)ond with each 
other. It is best, however, while regulating this point, to attain, 
at the same time, a dose approximation to actual correctness. 

In determining the true volumes, water is the most convenient 
substance to employ as a basis of measurement. The United States 
Bureau of Standards * defines a liter as the volume occupied by a 

♦Bur, Stjuid Gr 9, 
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quajitity of pure water, at 4° C., having a mass of i kg.; the one- 
thousandth part of the liter, called the milliliter or cubic centimeter, 
is employed as the unit of capacity. 

The temperature of 20® C. is regarded by the Bureau as the 
standard temperature for glass volumetric apparatus. 

The density of pure water at 20° C. is 0.99823; one liter, then, 
at this temperature, would weigh 998.23 grams in a vacutun. It 
would w pigTi less in air, owing to the buoyant effect of the air. One 
liter of air of 50 per cent humidity, at 750 mm. pressure, weighs 
i.r9 grams;- a liter of water, weighed in air, wotild therefore weigh 
i.r9 grams less tlian in a vacuum. But the brass weights also appar¬ 
ently lose wd^t in the same way. Taking the density of brass as 
8.4, 998.23 grams would occupy the same volume as 118 cc. of water 
(approximately). The weights would therefore displace 0.118 liter 
of air. The buoyant effect on the weights is accordingly 0.118X 
1.19=0.14 gram. The total apparent loss of weight of the water is 
therefore i.r9—0.14=1.05 grams. The apparent weight of the liter of 
water, then, is 998.23 —1.05 = 997.r8 grams; accordingly, i liter of 
water, at 20° C., wdghed in air with brass wdghts, apparently wdghs 
997.18 grams. This mates the wdght of the cubic centimeter, 
imder the same conditions, 0.99718 gram. This wd^t will be taken 
as the basis of calculation in calibrating the smaller measures. 

The above calculation does not take into accoimt certain minor 
corrections, such as the variations in the wdght of air, but the factors 
considered are suffident for most purposes. 

CALIBRATING A FLASK 

Let us suppose we have to calibrate a liter flask. First, wdgh 
the dry flask, then add 997.18 grams to the wdghts and exactly coim- 
terbalance this with recently boiled, distilled water at a temperature of 
20® C. Paste a narrow strip of gummed paper around the neck of the 
fla^, so that the upper edge of the strip is on an exact levd with the 
bottom of the meniscus. The paper may be left there, or the mark 
made permanent by etching, m the usual way, with hydrofluoric add. 
Flasks of other sizes may be calibrated similarly - Suflhdent water 
may first be brou^t to the proper temperature in a second flask, or 
the wd^ed water, when of approsimatdy the correct weight, but a 
little above it, may be brought to 20®, and the wd^t then adjusted 
exactly with a small pipette or glass tube. 



CALIBRATING A BURETTE 


XU 


CALIBRATING A BURETTE 

Iq the case of a burette, the instrument is aheady graduated and 
it becomes necessary to determine the correct readings of the gradua¬ 
tions. First see that the burette is absolutdy clean, although not 
necessarily dry, then fill it above the mark with recently boiled, 
distilled water at 20® C. Pour this out and again fill the burette. 
This is simply to bring the burette to the same temperature as the 
water. Now bring the bottom of the meniscus to the zero mark. 
Have ready a small, light, weighed flask of something more than 
So-cc. capacity (for a 50-cc. burette). Slowly run 5 cc. of the water 
in the burette into the flask and take the wei^t. Note the excess 
over the first weight; suppose this is 5.01 grams. Now run in more 
water, to the lo-cc. mark, and weigh again; suppose the excess weight, 
over that of the flask, is 10.02 grams. Repeat this procedure for 
every additional 5 cc. of the burette. Suppose the first five weighings 
of the water were 5.01 grams, 10.02 grams, 15.00 grams, 19.99 grams, 
and 24.96 grams. These weighings correspond to the 5 cc., 10 cc., 
15 cc., 20 cc. and 25 cc. marks on the burette. To find the true 
volumes at these points, proceed as follows: 

One cubic centimeter of water at 20° weighs 0.99718 gram; 
5 cc. =4.985 grams. The actual weight at this point was 5.01 grams. 
This is 0.03 gram more than it should be; therefore the true reading 
at the 5-cc. mark is 5.03 cc. (At this point it sufl&ces to call i cc. = 
I gram.) At the 10 cc. mark, the weight diould be 4.985X2=9.97 
grams. It was actually 10.02 grams. This is 0.05 cc. too much, 
and the true reading is 10.05 cc. Continuing similarly with the other 
marks, we find the true readings to be 15.05, 19.98 and 24.97. 

The above may be thus tabulated: 


Burette Mark 

Actual Wt 

Cal. Wt. 

True Reading 

5 

5 01 

4 98 

5 03 

10 

10 02 

9 97 

10 os 

IS 

IS 00 

14 95 

IS OS 

20 

19 92 

19 94 

19 98 

25 

24 89 

1 

24 92 

24.97 


In calculating the true readings, take the difference between the 
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actual weight and the calculated weight and apply this to tJhe burette 
reading, according as the actual weight is plus or minus. 

Having determined the true readings of the burette at intervals 
of S cc., we may find the intermediate readings by interpolating as 
accurately as possible. Thus, from the above figures, we may make 
the table: 


Mark 

True 

I 00 

I 00 

2 00 

2 00 

3 00 

3 01 

4 00 

4 02 

5 00 

5 03 

6 00 

6 03 

7 00 

7 03 

8 00 

8 04 

9 00 

9 04 

10 00 

10 os 

II 00 

II 05 

12 00 

12 05 

13 00 

13 os 

14 00 

14 os 

IS 00 

IS os 

16 00 

16 04 

17 00 

17 03 

18 00 

18 02 

19 00 

19 00 

20 00 

19 98 

21 00 

20 98 

22 00 

21 98 

23 00 

22 98 

24 00 

23 97 

25 00 

24 97 


A second set of columns like the above will complete the table for 
a 50-cc. burette. Such a table should always be at hand, and should 
be numbered to correspond with the burette. 

In reading a burette, the correction is applied in the following 
manner: Suppose the actual reading is 18.35. Take the nearest 
figure of the burette (18.00) and note the correction. In the above 
table it is +0.02 cc. Apply this to the reading of the burette; thus, 
18.35+0.02 = 18.37, tbe true reading. 
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CALIBRATING A PIPETTE 

Many of the pipettes employed in technical work are used uncali¬ 
brated, as, for most purposes, accuracy is not essential. There are 
some cases, however, in which the necessity for accuracy, or, at least, 
for a close approximation thereto, requires that the pipette be cali¬ 
brated. The following method, while not as accurate as the method 
of weighing, is much simpler and will usually suffice: 

Fill the pipette to the mark with distilled water at laboratory tem¬ 
perature, and then allow the water to run into a clean, drj", calibrated 
flask of the same marked capacity. The exact temperature of the 
water is immaterial, provided it does not change during the operation, 
as both flask and pipette are affected in the same ratio by change of 
volume. Be particular, however, to note the exact method adopted 
in running the water into the flask—^whether the pipette is removed 
immediately when the main flow ceases, or a certain time is allowed 
for drainage, and whether or not the drop on the end of the pipette is 
touched to the neck of the flask—so as to employ exactly the same 
method in the future. Have a narrow strip of paper pasted vertically 
across the mark on both the flask and the pipette. Now note the 
exact level of the water in the flask and make a fine pencil mark on the 
paper at this point. It may be either above or below the correct mark. 
(Take all readings at the bottom of the meniscus.) If above, pro¬ 
ceed as follows: 

With a small glass tube, withdraw the excess water carefully, until 
the level stands at the correct mark. Now fill the pipette to the 
mark and then, very carefully, allow Just sufficient water to escape 
into the flask to bring the level once more to the pencil mark. Imme¬ 
diately stopper the tip of the pipette with the finger, hold the pipette 
vertical, and make a pencil mark on the paper at the water level. 
This is the correct mark of the pipette. The mark may be made 
permanent, and may be made to encircle the stem, by etching with 
hydrofluoric acid in the usual way. 

If the pencil mark on the flask comes below the correct mark, pro¬ 
ceed as follows: Again fill the pipette to the mark and then allow just 
enough water to escape into the flask to bring the level of the water 
therein to the correct position. Stopper the tip of the pipette with 
the finger and mark the new level of the water on the paper. Now 
measure an equal distance above the original mark on the pipette 
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and make a second mark on the paper. This is the correct marJs lor 
the pipette. 

Before making the mark on the pipette permanent, it is well to 
check its acciiracy by again testing it against the dry flask. 


ERROR DUE TO LABORATORY TEMPERATURE 

The equivalent of 20® C. is 68® F., and, of course, variations from 
this temperature of calibration will affect the volumes of solutions. 
With water, N/10 nonnal and N/2 normal solutions, the error involved 
in a variation of 2®, either way is about 0.04 per cent. In a titration 
where 25 cc. were used, the error would thus be plus or minus o.oi cc. 
The small error due to slight changes of temperature from 20® is 
usually ignored in technical work, but in particular cases it should be 
allowed for. 


TABLE OF CORRECTIONS* 


Temperature, 
Degrees C, 

Correction, cc, per Observed Liter to Give Volume at 20®. 

Water. 

N/io Solutions. 

N/2 Solutions. 

15 

+0 8 

-bo 8 

-bi 0 

16 

-bo 6 

4*0 7 

-bo 8 

17 

+0 5 

+0 5 

4"o 6 

18 

+0 3 

4-0 4 

4-0 4 

19 

-bo 2 

-bo 2 

4-0 2 

21 

—0 2 

—0 2 

—0 2 

22 

-0 4 

-0 4 

-0 s 

23 

—0 6 

—0 6 

—0.7 

24 

-0 8 

-0.9 

—I.O 

25 

— I 0 

—I r 

-1,3 


♦Mahia’s Quantitative Analysis, Bur. Stand. Cir. 19, Table 33. 






CALCULATIONS 


In ma king the necessary calculations for volumetric work, I have 
found that the students’ main difficulty is inability to determine the 
method of attack. There is a failure to recognize the logical steps 
to be taken to solve the problem. 

The following instructions are given in an endeavor to make the 
logical sequence of the necessary thought as plain as possible. 

Question .—What are the logical steps to be taken in determining 
the necessary strength of a standard solution, so that i cc. will equal 
I per cent of a given substance? 

First .—Consider what weight of substance must be equaled. 

Second .—Consider what happens to the active agent in the stand¬ 
ard solution during the titration, and in what way the substance 
titrated is afiected. Is the substance titrated the substance to be 
determined, or is the latter simply one of its constituents, or does the 
substance titrated simply represent the substance to be determined? 
In any case, consider carefully just what happens, either immediately 
before or during the titration, so as to establish a weight relationship 
between the active titrating agent and the substance to be determined. 

A short study of the situation will usually render the writing out 
of long reactions quite unnecessary. 

Third .—^Apply the weight relationdiip found to the weight repre¬ 
senting I per cent of the substance to be determined, and thus 
find the weight of active agent that must be in i cc. of the standard 
solution to equ^ this weight of the substance to be determined. 

This establishes the required strength of i cc. of the standard 
solution in grams, and this figure, multiplied by looo, gives the 
strength in grams per liter. 


EXAMPLE No, 1 

Question .—^What diould be the strength of a standard solution 
of silver nitrate, in order that i cc. may equal i per cent of chlorine 
in a soluble chloride? 
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First—Wh&t is the weight to be equaled? This evidently depends 
upon the weight of substance taken for analysis. Suppose this is 
0-5 gram, then i per cent is 0.005 gram. One cubic centimeter of the 
silver nitrate solution must then be made equal to 0.005 gram of 
chlorine. 

Second .—Silver nitrate is the active agent in the standard solution. 
What happens to it during the titration, and what happens to the 
substance titrated, the soluble chloride? A precipitate of imsoluble 
sUver chloride is formed, the silver nitrate furnishing the silver, and 
the soluble chloride the chlorine. The soluble chloride gives up all 
of its chlorine, which is the substance to be determined. In this case 
it is simply necessary to establish a weight relationship between the 
sQver nitrate and the chlorine. AgNOs is changed to AgCl. One 
molecule of silver nitrate requires i atom of chlorine to cficct the 
change. We may therefore say AgNOj = Cl. To establish the 
weight relationship, simply insert the atomic weights; 169.89 parts 
by weight of AgNOs=35.46 parts by weight of Cl. 

TMrd .—^Apply the weight relationship determined above to the 
weight representing i per cent of chlorine, 0.005 gram- Solve the 
proportion, 169.89 : 35.46=3: :0.00s. *=0.02396. This shows that 
there should be 0.02396 gram of silver nitrate in i cc. of the 
standard solution. Multiplying by 1000, we have 23.96 grams per 
liter. 


EXAMPLE No. 2 

Question .—should be the strength of a potassium perman¬ 
ganate solution in order that i cc. may equal i per cent of iron, when 
0.5 gram of substance is taken for the determination? 

What is the weight to be equaled? As we start with 0.5 
gram of substance taken for analysis, i per cent is 0.005 gram. Accord¬ 
ingly, 1 cc. of the permanganate must equal 0.005 gram of iron. 

Second .—^What happens to the active agent, potassium perman¬ 
ganate, during the titration? The substance titrated is a ferrous salt 
of iron; the substance to be determined, iron, is one of its constituents. 
Potassium permanganate is an oxidizing agent and becomes reduced. 
The Mn in the ElMn04 changes its apparent valence from 7 to 2, and 5 
valences, equivalent to 2| oxygen, are lost. To avoid lie fraction, 
double the molecule and consider that K2Mn208 loses 5 oxygen; we may 
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thus say K2Mn208=05. Next, consider what happens to the ferrous 
salt; it is oxidized to a ferric salt. It is not necessary to consider any 
special salt of iron, such as the sulphate or chloride, nor to write out a 
long reaction. The result will not be changed if we simply consider 
that FeO is oxidized to Fe203, as follows: 2Fe0+0--^Fe203. This 
shows that for, every 2Fe one oxygen is required, giving the relation 
0 = 2Fe. Now, K2Mn208 = 05, and therefore = lo Fe. To obtain 
the weight relationship, simply insert the atomic weights; 316.06 
parts by weight of K2Mn208 = 558.4 parts by weight of Fe. 

Third .—^Apply this weight relationship to i per cent of iron. 
As the weight of substance taken for analysis was 0.5 gram, the 
weight of I per cent is 0.005 gram. The weight relationship therefore 
gives the proportion 316.06 = 558.4=:*; : 0.005. ^=0.00283 gram. 
This is the weight of KMn04 that must be in i cc. Multiplying by 
1000, we have 2 83 grams per liter. 

EXAMPLE No. 3 

Question .—^What should be the (theoretical) strength of a standard 
solution of sodium thiosulphate, in order that i cc. may equal i per 
cent of lead, determined by the chromate method? (Chapter XVI.) 

First .—^What is the weight of lead to be equaled? Starting with 
0.5 gram of substance, this will be 0.005 gram. In this case, then, 
I cc. of the thiosulphate must equal 0.005 gram of lead. 

Second .—^What happens to the active agent, sodium thiosulphate, 
during the titration? It reacts with the substance titrated, which is 
iodine, and not lead or even a compound of lead. In this case the 
iodine simply represents the lead, a certain amount of iodine repre¬ 
senting a definite amount of lead. How does this happen? Imme¬ 
diately before the titration, the lead compound obtained, which is 
lead chromate, is dissolved in a strong hydrochloric acid mixture 
which sets free all the chromic add in the compound. Potassium 
iodide is then added, and is immediately decomposed by the chromic 
add setting free an equivalent amount of iodine. This is the sub¬ 
stance titrated. Now let us see what the dififerent rdations are. The 
formula of lead chromate is PbCr04; from this molecule the hydro¬ 
chloric add sets free CrOs. This allows us to say that every Pb = CrOa. 
When potassium iodide is now added, the reaction between it 
and the chromic add may be written, Cr03+3KI+6HC1 CrClsH- 
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3KCI+3I. It is not necessary to write out this reaction if we remem¬ 
ber that Cr changes its valence from 6 to 3; the 3 valences lost corre¬ 
spond to the iodine set free, or 3I. However figured, we find that 
CrOs corresponds to or equals 3I; then Pb, which-equals CrOs, may 
be also said to equal 3I. In the titration, then, the amount of iodine 
that represents lead is determined by the relation 3l=Pb. The 
reaction between the thiosulphate and the iodine is 2(Na2S203) 
+2I —> 2NaI+Na2S406 (sodium tetrathionate). This shows that 
2(Na2S20s) = 2l, or, Na2S203=I. As Pb=3l, it will equal 
3 (Na 2 S 203 ). To establish the weight rdationship between the lead 
and the thiosulphate, insert the atomic weights; 474.36 parts by 
weight of Na2S203 = 207.2 parts by weight of Pb. 

TMri ,—^Apply this weight relationriaip to the weight represent¬ 
ing I per cent of lead, i.e., 0.005 gram. We have the proportion, 
474.36 :207.2=a:; 0.005. Before solving this, however, we must remem¬ 
ber that crystallized sodium thiosulphate contains water, the formula 
being Na2S203+sH20. This will change the figure 474.36 to 744.6, 
and the correct proportion is 744.6 : 207.2=* : 0.005. *=0.01797 
gram, the weight of crystallized sodium thiosulphate theoretically 
required in i cc., or 17.97 grams per liter. 

It is explained, in the determination of lead by the chromate 
method, that this theoretical figure would give a dightly weak solu¬ 
tion, producing high results. La actual trial against pure lead, 1 cc. 
would be found to equal something less than i per cent lead, approx¬ 
imately 0.9926 per cent. Therefore, if the theoretical figure, i per 
cent, were used in a lead determination, it would give a slightly high 
result. 


The above examples are perhaps sufl&cient to indicate the logical 
steps to be taken to determine the necessary strength of a standard 
solution to be used for estimating percentage. While the explanations 
may appear long, the gist of the matter can usually be gotten at very 
simply, as in the permanganate example above, without writing out 
long reactions. Of course, a certain amount of previously acquired 
chemical knowledge is necessary, and without the ability to tTiinlr 
carefully and logically, the student will be at a loss in any case. The 
main point is to leam to think for onesdf in a clear, logical manner, 
coupling this ability with all the chemical knowledge applicable to the 
case, that one may possess. 
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After the necessary strength of a standard solution has been 
determined, the next question is, what are the steps to be taken in 
actually preparing it? In the first place, is it necessary to have the 
solution of exactly the theoretical strength, or will an approximatdy 
correct solution fully suffice? Usually an approximately correct 
solution will serve perfectly, provided its exact strength is accuratdy 
determined. Such a solution must, of course, be used with a factor, 
while if it were exactly correct, as i cc. = i per cent, no factor would be 
required, and the result could be read directly from the burette. 
This advantage of a correct solution is usually more than offset by 
the fact that it will not stay correct very long. A re-standardization 
will show a change, and it will soon become necessary dther to care¬ 
fully readjust the solution by increasing or diminishing its strength, 
which is a tedious procedure, or to use it in conjunction with a proper 
factor. The latter is far simpler and will give equally correct results. 
But if a factor has to be employed soon after making a solution, 
why take the trouble to make it exactly correct in the first place? 
This reasoning does not fit every case, but ordinarily an approxi¬ 
matdy correct solution will be all-suffident, especially if use is made 
of a four-place logarithm table moimted on cardboard for rapid 
reference. 

We shall now assume that an approximatdy correct solution is 
to be prepared. The usual procedure with a solid will be described. 

First .—^Wdgh out the determined amount for a correct solution. 
No great accuracy is necessary, but if the substance is likdy to be 
slightly impure, as is potassium permanganate, or to have a variable 
water content, as in the case of crystallized sodium thiosulphate or 
potassium ferrocyanide, endeavor to correct for the probable error by 
wdghing out a little more or less, as judgment dictates. 

Place the wdghed substance in a fairly large beaker, add distilled 
water of laboratory temperature, stir the mixture for a short time 
and then pour the dear portion into the dean measuring flask, which 
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need not be accurately calibrated. Continue adding more water to 
the undissolved solid, stirring and pouring as before, until it is all 
dissolved and transferred to the flask. Be careful not to add the 
water too fast and thus fill the measuring-flask before all the solid is 
dissolved. Some substances that dissolve very easily, such as silver 
nitrate, can be dissolved directly in the flask in a limited amount of 
water. Finally, fill up the flask to the mark, insert the stopper and 
miV -well by repeated inversion and agitation. Now transfer the 
solution to the bottle in which it is to be kept. The bottle need not 
be perfectly dry, but should be as dry as it can possibly be made by 
draining, after it has been cleansed and waslietl with clLstilled water. 
What little water still adheres to the inside will not materially alter 
the strength of the solution, which is intended to be only approxi¬ 
mately correct at best. Again mix well in the bottle. 

Second .—^Now comes the standardization to determine the exact 
strength; this may be done in various ways, depending upon the case 
in hand. In ordinary cases the solution is balanced or standardized 
against a known amount of something of known purity or reactive 
value, such as a silver solution against pure sodium chloride, or a 
permanganate solution against pure iron, or a pure oxalate; or a 
thiosulphate solution against pure copper, or against a pormanga.nn.te 
solution with a known iodine value. In any case, before proceeding 
to carry out the plan adopted, we must know how much of the standard 
substance or solution to standardize against; otherwise, the amount 
taken might result in a very undesirable titration; that is, altogether 
too much or too little of the solution being standardized might be 
required to balance this amoimt. One must decide on the approxi¬ 
mate amount of the solution preferably to be used in the titration; 
whfle it would be rmdesirable to use more than a buretteful, $ or 
lo cc. would be too little. For a 50-cc. burette, about 40 cc. would 
be a convenient amount. Supposing this amount is decided upon, 
how much of the standard substance or solution should be weighed 
out or taken, to require about 40 cc. of solution in standardizing? 

Reference to some book may give the desired information, but 
the student should be able to determine it for himsdf. Proceed as fol¬ 
lows: Note the reaction that occurs during the titration and determine 
rdationships as before described, such as that of silver nitrate to sodium 
chloride, or copper to permanganate solution of known iodine value. 
A consideration of the first case will serve to illustrate the ralrulatinn 
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The reaction between silver nitrate and sodium chloride, both in 
solution, may be written, AgNOs+NaCl -> AgCl+NaNOs. One 
molecule of AgNOa corresponds to i molecule of NaCl, or, for brevity, 
we may say AgN03=NaCL Inserting the atomic weights, we have, 
169.89 parts by weight of AgN03 = 58.46 parts by weight of NaCl. 
Now, how much AgNOa is there in 40 cc. of our solution? If it were 
made up so that i cc. were approximately equal to i per cent of 
chlorine on the half-gram basis, it would contain approximately 23.96 
grams per liter, or 0.02396 gram per cubic centimeter. For the pur¬ 
pose of this calculation, we may assume the solution to be of exactly 
the correct strength, and that i cc. contains 0.02396 gram of AgNOa. 
Forty cubic centimeters will therefore contain 0.9584 gram. From 
the above relationship we obtain the proportion, 169.89 : 58.46 = 
09584 : X. *=0.3298 gram. This is the amount of NaCl corre¬ 
sponding to 40 cc. of our solution, and is approximately the amount to 
weigh out for the titration. 

Third .—^Having made the titration, calculate the exact strength 
from the data now at hand. Suppose, for a silver nitrate solution, 
that 0.3277 gram of NaCl had been weighed out and that 39.1 cc of 
solution were required. One cubic centimeter would then be equal to 
o 008379 gram of NaCl. To how much chlorine does this correspond? 
One molecule of NaCl corresponds to i atom of Cl, or, we may say, 
NaCl = CL By weight, this is 58.46 NaCl = 35.46 Cl. This gives the 
proportion, 58.46:35.46=0.008379:*. *=0.005083 gram. One 

cubic centimeter of our solution thus equals 0.005083 gram of chlorine, 
or I. or66 per cent on the half-gram basis. In the subsequent use of 
this solution, on the same basis, the calculation is very quickly 
performed: 

Cc. used, say 26.75, 1-4273 


Log. of factor.o 0070 

Log. of result . i 4343 = 27.18 per cent Cl. 


In the case of silver nitrate, the salt may easily be obtained very 
pure. A definite predetermined amoimt may be accuratdy weighed 
out; it dissolves quickly in the measuring flask without recourse to a 
beaker, and, if the measuring flask is accurate, there is no difficulty 
in preparing a standard solution that need not be checked. 
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SECONDARY USE OF STANDARD SOLUTIONS 

It frequently happens ttat a standard solution, prepared originally 
for the determination of some particular substance, may be made to 
serve satisfactorily in the determination of something else. Of course, 
when so employed, another factor is necessary, but unless this factor 
proves to be inconveniently large or small, the procedure is perfectly 
satisfactory and saves preparing another solution. 

When a standard solution can be so employed, it is a good plan, 
after standardizing, to mark on the bottle label not only the factor 
for the principal substance, but also the calculated factors for other 
substances for which it is likely to be used. As an example, suppose a 
permanganate solution has a certain value for iron, say, i cc. = i per 
cent Fe on the half-gram basis. What would be its value for antimony 
on the same basis? 

When iron is oxidized in the permanganate titration it may be 
considered that FeO is changed to Fe203, in accordance with the 
equation sFeO-fO —♦ Fe 203 . We may therefore say, for brevity, 
0 = 2 Fe. When antimony is simiiarly oxidized by permanganate the 
change may be regarded as from Sb203 to Sb206; Sb203+02 -»■ Sb20.5. 
In this case O2 corresponds to or equals Sb2, which is the same ratio 
as 0 =Sb. Now if 0 = 2Fe and 0 = Sb, then 2Fe=Sb. Inserting 
the atomic weights, we have 111.68 parts by weight of Fe = 120.2 
parts by weight of Sb. If i cc. of our solution equals i per cent 
Fe, its value for antimony may be found from the proportion, 
111.68 :120.2=1 x=i.o ‘]6 per cent. 

What would be the value of the same solution, on the same basis, 
for CaO, the method being the titration of the oxalate? 

Start as before, 0 = 2Fe. Now consider what happens to the 
calcium oxalate obtained in the analysis. Previous to the titration 
it is mixed with hot, dilute sulphuric add. This forms caldum 
sulphate and sets free a corresponding amount of oxalic add, which is 
then titrated. The formula of caldum oxalate is CaC 204 ; this, 
by the decomposition, gives H2C2O4. This is oxidized in the titration 
as follows; H2C2O4+O —»• 2CO2+H2O. Using the equality sign as 
before, we have CaC204=H2C204 = 0 . Every CaO corresponds to 
CaC204, and we may therefore say, CaO= 0 . If 0=2Fe, then 
2Fe=CaO, or, iii.68Fe=s6.o7CaO. Now fonn the proportion, 
111.68:56.07=1:*, *=0.5023 per cent. 
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As we have detennined the factors for Sb and CaO when the 
percentage value of i cc. of the permanganate solution was taken as 
I per cent, these same factors may be used in any other case when the 
factor for iron is other than i. Simply multiply the determined 
factor for Fe by the above factors. 

In this way, in similar oxidiang reactions with permanganate, 
the factors for other substances may be detennined. 

Consider another case: If i cc. of a thiosulphate solution equals 
I per cent copper, on the half-gram basis, what would be its theoretical 
factor for lead? 

In the copper titration we add potassium iodide to a solution of 
copper acetate, and iodine is set free and titrated. In the lead 
titration lead chromate is first decomposed with hydrochloric add 
and a corresponding amount of chromic add is set free. Potassium 
iodide is now added and the chromic add sets free a corresponding 
amount of iodine, which is titrated. In each titration a certain 
amount of iodine corresponds to a certain amount of dther copper or 
lead. What is the relationship between the iodine and the metal in 
each case? With copper, Cu=I (see Copper Determination). With 
lead, Pb=3l (see Chromate Method for Lead). This gives the 
relationship between copper and lead as 3Cu=Pb, or, 190.71 parts 
by wdght of copper equal 207.2 parts by wdght of lead. From this, 
form the proportion, 190.71 : 207.2 = 1 : x. a:=1.086 per cent. This 
is the theoretical factor for multiplying the copper factor to obtain 
the lead factor. As previously explained, it cannot be used in prac¬ 
tice, owing to certain unavoidable errors in the lead determination. 
Actual determination of the proper factor with pure lead shows it to 
be approximately 1.078 times the copper factor. 


It is hoped that the above eq)lanations are suffident to enable the 
student to make similar calculations for himsdf. 

All such work involves a line of dear, logical thou^t and a certain 
amount of knowledge. I have usually found that I was safe 

in assuming the chemical knowledge, and the burden of ^ort has 
been to habituate the student to correct thinking. 



xxxil 


PREPARATION OF A STANDARD SOLUTION 


NORMAL AND PERCENTAGE SOLUTIONS 

A normal solution may be defined as one containing i gram- 
equivalent of tbe active substance in looo cc. The gram-equivalent 
is that fraction of the molecular wei^t of the substance, in grams, 
which corresponds to i hydrogen equivalent. Thus, in the case of 
hydrogen chloride, the gram-equivalent is 36.46 grams, since the 
entire molecule, HCl, corresponds to i hydrogen equivalent. With 
H2SO4, the molecule corregionds to 2 hydrogen equivalents, so tliat 
the gram-equivalent is one-half the molecular weight in grams, or 
49.038 grams. With KMn04, in an oxidizing reaction, the apj^aront 
valence of the Mn changes from 7 to 2. In this case the molecule 
corresponds to 5 hydrogen equivalents and the gram-equivalent is 
one-fifth the molecular weight in grams, or 31.606 grams. 

A normal solution is frequently too strong or too weak for con¬ 
venience, and simple multiples or decimal fractions of the normal 
strength are then employed, such as twice normal, ordinarily written 
2N, or one-tenth nonnal, written N/io. 

The use of a solution based on the normal system is an advantage 
in certain cases. All such solutions correspond with each other, 
dther directly or in a simple manner; each cubic centimeter corre¬ 
sponds to an amount of the substance titrated that is at once deduced 
from its atomic or molecular weight. On the other hand, such solu¬ 
tions are troublesome to prepare and are likely to require frequent 
and tedious readjustment, so that I do not recommend their use except 
in certain special cases in which they have a distinct advantage. 

A percentage solution is one in which i cc. equals a percentage 
of the substance to be determined. The percentage selected for 
convenience is usually a simple number, such as i, 2 or 0.5 per cent. 
It is evident that, in order to correspond with a certain percentage 
value of the solution, the same amount of substance must always be 
taken for analyas. In the determinations of ore analysis it is cus¬ 
tomary to start vith 0.5 gram of substance, or some simple multiple 
of that amount. A percentage solution has the advantage, over 
a solution based on the normal system, that it will give percentages 
directly by the use of a simple weight at the start. To obtain per¬ 
centages with a solution based on the normal system, the calculated 
weight of substance to be taken is usually not simple and does not 
permit of rapid manipulatioii. 
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Both normal and percentage solutions are equally troublesome to 
prepare with exactness, and both, of course, are equally susceptible to 
change. An inexact solution requires either readjustment or the use 
of a factor. Although there is a difference of opinion on this point, 
I personally much prefer the use of a factor in connection with the 
emplo3anent of a four-place logarithm table mounted on cardboard. 
Re-standardization can usually be performed quickly and the proper 
factor determined. By the use of logarithms, as above, the calcula¬ 
tion is very rapid; suppose 15.65 cc. were used, where i cc. of the 
solution equals 1.02 per cent of the substance being determined, 
instead of exactly i per cent. The log of the factor is 0.0086. This 
figure is retained until the next re-standardization. Calculation: 

1.194s (log of 15.65.) 

0.0086 (log of factor.) 

1.2031 (log of result.) Result = 15.95 per cent. 

Where a large number of titrations have to be made with great 
rapidity, it is perhaps worth while to take the time to readjust a solu¬ 
tion to an exact simple value at the outset, but ordinarily this tedious 
procedure may be advantageously dispensed with, as the results 
obtained with an accurately standardized, approximately exact solu¬ 
tion are equally accurate, and the time required for the calculation is 
trifling. 

In most of the methods described in this book, approximately 
exact percentage solutions are employed. 
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TECHNICAL METHODS OF 
ORE ANALYSIS 


CHAPTER I 
APPARATUS 

The standard works on quantitative analysis give descriptions of 
the usual apparatus required, and a repetition of the information is not 
contemplated here. I shall simply mention a few articles and arrange¬ 
ments that I have found convenient in my laboratory. 

I. Flasks.—For most of my work I formerly used a 6-oz. fiat- 
bottom flask, ordering a special form having a funnel-shaped mouth, 



Fig. I. Fig 2. Fig. 3. 

as shown in Fig. i. The enlarged mouth was for convenience in 
pouring and brushing in weighed material from the scale-pan. I 
subsequently preferred an 8-oz. flask and found those manufactured 
by the WhitaU Tatum Co., of Philadelphia, very suitable. Their 
shape is shown in Fig. 2. Pyrex flasks of similar size and shape are 
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now to be obtained and are generally to be preferred on account of 
their resistance to sudden heat changes. Small Erlcnincyer flasks, 
with funnel-shaped mouths, as in Fig. 3, are useful in S2jccial ciiscs. 
Five-hundred cubic centimeter Erlenmeyer Pyrex flasks arc to be 
preferred for the zinc determination, as the glass is free from zinc, and 
will therefore permit the use of hydrofluoric acid in the decomposition, 
if necessary. 

2. Casseroles.—Flasks are generally prescribed throughout this 
book, instead of casseroles, for decompositions. They ajjpear to be 
less liable to mechanical losses of their contents, and for accurate work 
are generally better adapted and more convenient. In smelter labora¬ 
tories, where many determinations have to be made daily, casseroles, 
in connection with a large hot plate, are usually preferred. The usual 
size is about 3! in. in diameter. In many of the cases where I pre¬ 
scribe flasks for decompositions the operator may employ covered 
casseroles if he prefers. 

3. Funnels.—For ordinary routine work I do not use a filter- 
pump or 60® Bunsen funnels. I take a cheap funnel of about tiie 
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second fold is made with one 
opened filter will have an an, 


? dimensions shown in the figure 
and modify it as follows: Cut off 
the stem a short distance below 
the neck and melt on a glass 
tube provided with a loop as 
shown. In filtering, the loop 
will cause the liquid to form a 
continuous column in the tube 
below and the weight of this 
column will produce a suction in 
the filter above. A long stem will 
give a strong suction, but a length 
of 10-12 cm. is usually sufficient.* 
A platinum cone is not used, as 
the suction is not strong enough to 
render it necessary. In order to 
make the filter fit properly, the 
ide larger than the other, so that the 
le of something more than 60®. The 


* These fu nnel s, snd also the other articles mentioned in this duipter, arc kept in stock 
by the Dmver JFiie Clay Co. 
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wet filter will then fit the funnel at the top and be too small below. 
This will prevent entrance of air and increase the fiiltering surface, so 
that slight suction wiU effect rapid filtration. After the filter has been 
placed in the funnel, it is moistened and the top pushed down and 
fi.tted with the finger imtil it is as air-tight as possible. In working by 
this method, nothing would be gamed by using a funnel having an 
angle of exactly 6o®. 

In folding a filter it is a good plan, after the first fold, to tear off 
about a quarter of an inch from one of the comers. When the com¬ 
pleted fiOiter is now placed in the funnel and wetted, the tom comer, 
coming next to the glass, wiU break the continuity of an air channel 
that might form along the adjacent fold. 

Whenever the occasion will permit the use of a porcelain filter plate, 
(Fig. 4a), it will usually be found much superior to an ordinary 
folded filter for rapidity 
of filtration and washing. 

The filter-plate arrange¬ 
ment is intended to be 
used with suction, but the 
loop funnel will provide 
sufficient suction in most 
cases, and it has the 
further advantage that the 
filtrate can be received 
in any desired receptacle, 
without the use of a bell-jar 
and plate, and transference 
can thus be avoided. The 
filter plate, also called a 
Witt’s plate, is made in 
various sizes. A conveni¬ 
ent size for a 3-inch loop funnel has a diameter of about 375 3 mn. The 
corresponding paper is a little larger—the size sold as Whatman’s 
No. 2 (4.25 cm.). 

To prepare the filtering arrangement, proceed as follows: Center 
the filter on the plate and wet it. Hold the funnel inverted and raise 
the plate and filter into place; still holding the arrangement secure, 
reverse the funnel to its proper position and then set it in its support. 
Prepare some paper pulp by violently shaking scraps of filter paper 
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in an 8-oz. stoppered flask, with about 150 cc. of a mixture of i part 
strong hydrochloric acid and 2 parts water.* Pour a little of this 
pulp over the filter. Using an inverted wash-bottle, pour water into 
the funnel several times, allowing the filter to drain each time, to dis¬ 
tribute the paper pulp and fill up any leakages around the edges of the 
filter. 

Asbestos pulp may, of course, be substituted for paper pulp, if 
desired. 

The above arrangement can be used to great advantage in many 

places where the directions in the 
text call for an ordinary filter. 

4. Funnel-support.—^The sup¬ 
port shown in the figure is very 
convenient. It holds six funnels 
in a compact row, which facili¬ 
tates manipulation. (Fig. 5). 

5. Cooling-box.—Considerable time can be • saved in copper, 
lead and other determinations, where a hot liquid in a flask has to be 
cooled to ordinary temperature, by employing a cooling-box or tank 
of some sort. The one shown in Fig. 6 consists of a wooden box lined 
with sheet lead and pro¬ 
vided with pipes for the 
entrance and overflow of 
cold water. The top board, 
covering hah the opening, is 
secured in place and has 
openings for the entrance of 
6 flasks. The inner end of 
each opening is enlarged some¬ 
what and the board is cut 
away conically underneath, so that a flask which will float will rise 
into its socket and be in no danger of overturning. 

6. Hydrogen Sulphide Apparatus.—^Notwithstanding all the auto¬ 
matic arr ang e m ents that have been devised for generating hydrogen 
sulphide, I prefer, for ordinary use in a small laboratory, the simple 
combination shown in Fig. 7. The generating bottle should be of 
convenient size, say i6-oz., and the stoppers rubber. The washing- 

* This mixture tends to become sU(^tly gelatinous on keq>ing. With hot water 
alone, mote shaTring is teuaiied, but the mixture trill keqi. 
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bottle is about half filled with water. It takes only a minute or so to 
dean and charge this apparatus, and when one has finished using it, 
the excess of gas can always 
be conducted into water to 
keep up the supply of hy¬ 
drogen sulphide water. It 
is always advisable to clean 
the apparatus immediately 
after use, leaving it about 
half fun of water contain¬ 
ing a quantity of the 
iron sulphide. It is then 
ready for instant use at Fio 7 

any time. 

7. Measuring-glass.—For the best work it is indispensable that 
all reagents should be measured, so that no doubt may exist as to 
the amount used for any purpose. A 25-cc. measuring-glass is per- 

---s, haps the most convenient size for con¬ 
stant use. It is an unfortunate fact 

— that almost all measuring-glasses and 
casseroles seem to be made with the 
lip on the wrong side for the analytical 

— chemist’s use. In the case of the 25-cc. 

_ measuring-glass, it is a good plan to 

have a glass-blower flange the entire 
top, as shown in Fig. 8. This per- 
scaie H mits easy filling and pouring from all 

_ (— _ sides, and if the edge of the flange is 

Fig 8 made thin, liquids will not be very 

likely to run down the outside. 

8. Flask-holder.—^The holder shown in Fig. 9 is one of the most 
useful articles in my laboratory. My first holder came from Holland, 
and until the Denver Fire Clay Co. copied my model I was unable to 
obtain a duplicate in this country. It is the best design and the 
handiest to use of any I have seen. The portion that grasps the flask 
is lined with cork cemented in place with sealing-wax. A much 
cheaper and very satisfactory form of holder for students’ use is 
shown in Fig. 9a. It is made from my design and k^t in stock by 
the Denver Fire Clay Co. 
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9. Apparatus for Standard Solutions—All kinds of arrange¬ 
ments have been devised for facilitating the filling of burettes from the 




Fig ga —Flask Holder 


stock bottles of standard solutions. Some of the methods arc very 
convenient and satisfactory, but for the most accurate work with the 
least apparatus I prefer the following plan: 

Keep the standard solutions in large stock bottles 
of about 9 liters capacity. From the large bottles 
fill smaller ones, say i liter size, as required. Have 
the burettes enlarged to a funnel shape at the top, 
as shown in Fig. 10, and keep them stoppered or 
covered with a cap when not in use. When a 
burette is to be filled the solution may easily be 
poured in from the small bottle. By this plan the 
liquid in a burette can always be mixed before use 
if desired, and the solution in the small bottle 
also shaken up. There are no stop-cocks or 
rubber tubes to keep in order and the solution in 
the large bottle is disturbed only when necessary to refill the small 
bottle. 

10. Burette Pinch-cock.—^For use with solutions that do not attack 
rubber, I know of no better pinch-cock than the one shown in Fig. ii. 
It consists simply of a rubber tube plugged with a short section of glass 
rod or a small bulb. By squeezing the tube around the plug between 
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the fingers slightly, a channel is made for the passage of the liquid. 
With a properly proportioned tube and plug the arrangement is very 
satisfactory. 

11. Surface of Work-table.—^The most satisfactory surface I have 
tried for the work-bench is asbestos-board, at least | of an inch thick,— 
i in. is better. It should be cut to fit the bench and 
laid in as large sheets as possible. It is usually un¬ 
necessary to tack it in place. Instead of covering 
the entire bench, it may suffice to cover a small section 
where the operator does most of his work. The outer 
edge that receives wear should be painted with melted 
paraffin. The entire surface may be rendered more 
durable by painting it with paraffin dissolved in carbon 
tetrachloride. The advantages of the asbestos surface 
are its comparative indestructibility under the action 
of corrosive chemicals or heated articles, its softness, 
which results in a saving of glass utensils, and, if it 
is not painted with paraffin, its rapid absorption of 
spilled liquids. When much soiled or worn it is easily 
renewed. 

Linoleum likewise makes a very durable and satis¬ 
factory surface. 

12. Rapid Filtration of Gelatinous Precipitates.— 

Dittrich * has described a method for the rapid filtra¬ 
tion of gelatinous precipitates, such as ferric or aluminum 
hydroxide, which consists in mixing paper pulp with them 
before filtration. The paper pulp is prepared by vio¬ 
lently shaking a piece of filter-paper with a little water in a small stop¬ 
pered flask or bottle. The paper pulp does not ordinarily interfere 
with the subsequent ignition of the precipitate. 

I have fomd the scheme very useful in certain cases. Where 
it is desired to keep the volume of the filtrate as small as possible, 
the mixed pulp and water may be first poured into the filter and the 
drained-off water thrown away. The filtration of the gelatinous 
mixture stirs up the pulp, which thus appears to be as effective as 
usual. 

13. Sand-bath .—A “ sand-bath,” so-called, without the sand, 
supported on an iron tripod and heated with a Bunsen burner, is an 

* Ber., 37,1840. 
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excellent arrangement for flasks and casseroles. The bath is stamped 
from thin sheet-iron and is of circular form, about $ in. in diameter and 
I in. deep. A piece of thin asbestos board placed in the bath under a 
flask, with a properly adjusted flame, will produce a mild diffused 
heat for gentle boiling to dryness, with the least liability to “ bumping,” 
or cracking the utensil after dryness is reached. For a silica evapora¬ 
tion the evaporating-dish may be supported on a scori- 
fier placed in the sand-bath and a fairly strong flame 
used. This will effect a rapid evaporation without 
boiling, and the heat is suf&dent for the subsequent 
dehydration of the silica. 

14. Boiling Rods.—^For the prevention of “ bumping ” 
in boiling, glass rods with a short capillary tube on the 
lower end have been recommended. The objection to 
Bc^ Rod ^ difficult to wash out the capillary 

opening. To obviate this I have had rods made 
from glass tubing with a cup-shaped cavity in the end, as in Fig. 12, 
which permits of easy washing. The larger cavity appears to serve 
just as well as the capillary tube. Tubes, closed at both ends, are 
usually preferable to solid rods for ordinary 
stirrers. 

15. Wash-bottle for Ammonia, etc.—To 
prevent the back-flow of corrosive vapors 
into the mouth I have found the arrrange- 
ment shown in Fig. 13 very satisfactory. The 
mouth-tube is of as large diameter as con¬ 
venient, smtably contracted at the outer end, 
and extends to the bottom of the flask. The 
lower end is drawn out to a small opening and 
is slightly bent away from the exit tube, so 
as to prevent the blown-in air from entering 
the latter. It is not bent so much that it 
cannot be inserted through the stopper. The 
latter is pierced with a third hole which is 
coveredby a piece of sheet-rubber. The sheet- 
rubber is cut to fit the top of the stopper and is held in place by the 
tubing. It serves as a valve for- the third hole when manipulated 
by pressing and releasing with the finger. To use the bottle, close the 
valve and blow, taking care to release the valve before discontinuing 
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the pressvire. The small opening in the lower end of the mouth-tube, 
together with the large diameter of this tube, will effectually prevent 
any residual pressure from forcing liquid back into the mouth. Do 
not have the small opening too small, so as to produce very slow action. 
The advantage of the above arrangement is its durability; it never 
gets out of order. 

16. Pencil for Glass, etc.—For marking glass and porcelain, the 
blue pencils of a greasy composition, sold for the purpose, will be 
formd most convenient. They are best sharpened with a coarse file. 

17. Cleaning Solution.—Dissolve 5 grams of powdered commer¬ 
cial sodium dichromate in 5cx5 cc. of commercial sulphuric acid. 
The solution may be used cold but is more effective when warm. It is 
poured through burettes and into flasks, etc., to remove organic matter 
and other films. 
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ELECTROLYSIS 

The following remarks on electrolysis arc intended simply as an 
aid to those who have to make an occasional electrolytic (letennina- 
tion. The apparatus necessary for making a single determination of 
copper, nickel, or bismuth is described, and a few general directions 
are given as to manipulation and the attainment of the proper con¬ 
ditions. 

Those who desire to pursue the subject further or to fit up an 
elaborate installment are referred to the standard works on elec¬ 
trochemical analysis. 

1. Battery.—^Three |-gal. Grenet cells, French form. These will 
give all the electromotive force and current necessary. Both the 
electromotive force and the current can be sufficiently varied by using 
from I to 3 cells in series. The degree to which the zinc j>lates arc 
immersed aflfects the current but slightly. The following solution is 
used in this battery: For each cell—^water, 2 liters; strong sulphuric 
acid (commercial), 200 cc.; powdered potassium dichromatc, 226 
grams. 

The zinc plates should be amalgamated with mercury. When 
the battery is not in use, it is best to remove and wash the carbons 
and zincs and cover the jars with watch-glasses. 

2. Volt-Ammeter.—Some form of apparatus for measuring the 
current is quite necessary. Voltmeters and ampere-meters may 
be purchased as separate or combination instruments. A form of the 
latter, called the Student’s Volt-Ammeter,” manufactured by the 
L. E. Knott Apparatus Co. of Boston, Mass., will serve very well for 
ordinary work. It costs about $7. 

3. Electrodes.—One set of electrodes is sufficient for the determina¬ 
tions mentioned above, as follows: Cathode, A plain cylinder of 
platinum foil, 5 cm. long and 2.5 cm. in diameter. It has a total 
surface (including both sides) of about 78.5 sq. cm. .and weighs about 
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12.5 grams. A stout platinum wire about 12 cm. long is attached to 
the top of the cylinder. Anode. This is made from a single piece of 
stout platinum wire. A straight portion about 17 cm. 
long rises from the center of a circular base, made by 
coiling the wire closely about itself, so as to form a disTr 
about 2 cm. in diameter. It weighs about 8.5 grams. 

4. Beaker for Electrolysis.—Tliis is about 5 cm. 
in diameter and 9 cm. high. A narrow strip of paper 
is pasted on the outside at the point indicating a 
volume of 100 cc. A 4-in. watch-glass split in two 
serves as a cover, the electrode wires passing through 
the crack in the center. 

5. Supports for Electrodes and Beaker.—One of 
Classen’s supports with two clamps (sold by dealers 
for about $4) will serve very well, or the operator can 
easily construct a support of wood and a few binding- 
posts. It is a good plan to have the beaker on a 
block of wood or other elevated support, so it can 
easily be raised into place or lowered away from the electrodes as 
desired. The elevated arrangement of the beaker will also permit of 
its being supported over a flame if a temperature higher than the 
ordinary is required. 



Fig. is. 



6. Figure 15 shows a convenient plan for a single apparatus. 
The battery and volt-ammeter are placed on a shdf over the work* 
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bench and the electrodes are held by two binding-posts screwed into 
the edge of the shelf, the connections being made as shown in the 
diagram. The figure is intended simply to show the arrangement, and 
in practice the wires may be more or less concealed and connected 
with convenient switches if desired. The beaker is supported on one 
or more wooden blocks resting on the bench, or a ring-stand may be 
used. When an electrolysis is finished, the beaker can be held in the 
Vianfl while the block is removed, and then, with the current still 
passing, it may be gradually lowered from the electrodes, while the 
latter are washed with a stream from the wash-bottle. The beaker 
may then be replaced with one filled with distilled water before the 
cathode is disconnected. The volt-ammeter indicates amperes to the 
right and volts to the left of a central zero. The diagram shows the 
ammeter side in circuit, connections being made with tlie binding- 
posts I and c in series, and the needle inclined to the right. To read 
volts, connect the battery wires directly with the electrode binding- 
posts and attach shunt wires from these posts to a and h. Whan the 
proper connections are made the needle will point to the left. 

7 . Conducting an Electrolysis.—Clean and ignite the electrodes, 
and, when cool, weigh either one or both as required. Now, by means 
of the supports and binding-posts, adjust the electrodes and beaker of 
solution as follows; Place the anode within the cathode with its base 
perhaps a quarter of an inch below the lower edge of the cylinder. 
Adjust the beaker and volume of solution so that the anode nearly 
touches the bottom of the beaker, and the top of the cathode cylinder 
is about a quarter of an inch above the surface of the liquid. Cover 
the beaker with the split watch-gleiss and connect the electrodes with 
the battery. For copper, nickel, and bismuth the cathode is to be 
connected with the zinc pole. 

Now include the ammeter in the circuit and note the reading. 
It is not sufficient to know simply the amount of current passing, 
since the actual effect of this current in the solution is governed 
by the area of electrode surface over which it is distributed. It is 
necessary to have a certain amount of current passing into a unit 
area of cathode surface in order to effect a proper deposition of metal; 
in other words, the current must have a certain density. One hundred 
square centimeters has been chosen as the unit area to which to refer 
the current as r^ad in amperes. Thus, if a current of 2 amperes is 
recdved on 200 sq. cm. of cathode, the current density per 100 sq. cm. 
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is only i ampere. Conversely, if i ampere of current is passing 
through. 50 sq. cm. of cathode surface the density per 100 sq. cm. is 
2 amperes. The symbol NDioo is used to express the density of the 
current per 100 sq. cm. of electrode surface exposed to its action. 
When the area of the cathode (including both sides) actually immersed 
in the solution is known, the current density may be easily calculated 
from the reading of the ammeter. Thus, if lie ammeter reads 2 
amperes and the cathode has 75 sq. cm. of surface immersed, then 


NDioo --, or 2.66 amperes. 

0-75 

K one cell fails to give a sufficient current, use two or three in 
series, as necessary. Under given conditions of resistance a certain 
electrode tension is required in order to obtain a stated strength of 
current. This tension may be measured with the voltmeter. The 
instrument is not, like the ammeter, included in the main circuit, but 
is placed in a shunt between the electrodes or points in the circuit 
whose difference of potential is to be measured. 

Having attained the proper current conditions, it is best to leave 
the ammeter in the circuit during the entire electrolysis, so that any 
variation in the current may be noted and corrected if necessary. 

When the appropriate tests show the metal to be all deposited, 
the beaker may be removed, and the electrodes washed as described 
above, or according to the directions given for the metal being deter¬ 
mined. 


It is usually best to wash the electrode to be weighed, first with 
distilled water and then with strong alcohol. It may then be drained 
a moment on filter-paper, dried by holding over a hot plate, or better, 
in a (hying-oven at about 100° C., and finally cooled and weighed. 

A cathode cylinder made of platinum wire gauze has been foimd 
to offer some advantages over one made of foil. A freer circulation 
of the solution is afforded, the time of deposition is shortened, and the 
deposited metal is more firmly adherent. 

By the use of special apparatus arranged to rapidly rotate one of 
the electrodes, a very strong current may be employed without injuring 
the quality of the deposit, and the time required for a satisfactory 
electrolytic determination may thus be shortened to twenty minutes 
or less. Descriptions of such methods may be found in electrochem¬ 
ical literature. 
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LOGARITHMS 

I. The ordinary calculations of technical analysis may be greatly 
facilitated by the use of logarithms; furthermore, the liability to error 
is considerably lessened on account of the fewer figures employed, and 
for the same reason a calculation is more easily checked over and any 
error detected. 

When logarithms are not used it is a great advantage to have the 
standard solutions for volumetric work of certain exact strengths, so 
that their factors will be whole numbers. It is frequently diflicult 
to prepare such solutions, and they arc liable also to require trouble¬ 
some adjustment from time to time. By the use of logarithms the 
necessity for these hard-and-fast standards is obviated, the calcu¬ 
lation with any factor being very short. 

Tables of logarithms and antilogarithms are given in this book, 
but for daily use it is best to have tables mounted on opposite sides of a 
piece of stout cardboard. They can be purchased in this form of the 
Franklin. Laboratory Supply Co., 79 Amherst Street, Cambridge, 
Mass. 

For the benefit of those who are unfamiliar with logarithms, or out 
of practice, the following remarks are appended: 

To muJHply two numbers, add their logarithms. The sum is 
the logarithm of the product. 

To divide one munber by another, subtract from its logarithm 
the logarithm of the divisor. The remainder is the logarithm of the 
quotient. 

The logarithm of a number is composed of two parts—a positive 
or negative integral number called the characteristic, and a positive 
dedmal fraction called the mantissa. 

All numbers composed of the same figures placed in the same 
order have the same mantissa irrespective of the position of the 
decimal point. 
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The characteristic of a logarithm indicates the position of the 
decimal point in the corresponding number. When the number has 
one significant figure to the left of the decimal point, the characteristic 
of its log. is o. If there are two figures it is i, with three figures it is 2, 
etc. A decimal fraction has a negative characteristic which is equal 
to the number of places the first significant figure is removed from 
units; thus, the characteristic of the log. of 0.0459 is — 2; of the log. of 
0.0046, —3, etc A negative characteristic is written with the minus 
sign immediately over it. It may be made positive by adding 10 
to it, the fact being indicated by writing 10 with a minus sign after the 
mantissa. 

The above rules may be illustrated as follows: 


Number 

4691. 

4691. 

46 91.. 

4.691 .. . . 
.4961. . 
04691 . 
004691 


Logarithm. 

• 36713 

2.6713 

1.6713 
0.6713 

T.6713 or 9.6713 —10 
2 6713 or 8.6713 —10 
. 3.6713 or 7 6713-10 


The —10 after the mantissa is frequently omitted where the 
value of the characteristic is obvious. 

In many simple operations the position of the decimal point 
may be seen at a glance without the use of characteristics. For 
instance, when working with a standard solution where i cc. = about 
I per cent of the constituent sought, then, if 45 cc. have been used 
and the figure corresponding to the log. obtained (no characteristics 
having been used) is 4563, it is evident that the percentage is 45.63 
and not 4.56 or 0.45. 

Four-place logarithm tables are intended to be used with numbers 
of not more than four figures. Such tables, however, will suffice for 
most of the calculations of ordinary anal3^‘cal work. 

To find in the table the mantissa of the log. of a number, proceed 
as follows: If the number consists of only one or two figures, find the 
number in the extreme left-hand column, and the mantissa will be 
given immediately opposite in the next colunm to the right headed o. 
Thus the mantissa of the log. of i or 10 is .0000, of the log. of 12, .0792, 
-etc. If the third and fourth figures of a number are o, the mantissa 
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wil also be in the 0 column as before. If the third figure is an integral 
number, the mantissa will be found in the same horizontal line, in the 
columnheaded with thatfigure; thus the mantissa of the log. of 124 or 
1240 is .0934. If the fourth figure of a number is an integral number, 
recourse must be had to the column headed “ Proportional Parts.” 
When the mantissa for the first three figures has been found, there 
must be added to it the amount found in the same horizontal line in the 
column headed with the fourth figure in the proportional parts. 
Thus the mantissa of the log. of 1245 is .0934+.001;, or .0951. Having 
found a rquired mantissa, prefix the characteristic according to the 
rules given above. 

The table of antilogarithms gives the numbers corresponding to 
logarithms, and a number is found from its logarithm in precisely the 
same manner as a logarithm is found in the table of logarithms. Thus 
the number corresponding to log. 9.09J4 is 0.1251, the characteristic 9 
signifying the same as i and indicating the position of the decimal 
point In the same way log. 1.09^4 gives 12.51, etc. 
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ALUMINUM 

1. The technical determination of alnmininn (usually required 
as AI2O3) in ores and metallurgical products is a somewhat trouble¬ 
some proposition. There seems to be no short and satisfactory method 
that is applicable to complex substances. The usual interfering ele¬ 
ments are iron, manganese, arsenic, antimony and phosphorus. Chro¬ 
mium and titanium would prove sources of trouble, but are so rarely 
present in ordinary ores that they may usually be neglected. There 
are two general methods of procedure, the direct and the indirect. 
In the direct method the aluminum is weighed as AIPO4 or AI2O3. In 
the indirect method the aluminum, iron, and perhaps phosphorus are 
weighed together as AI2O3, Fe203 and P2O5, the latter, of course, com¬ 
bined to form a phosphate with the others. The alumina is then 
found by difference, after the weight of the other constituents of the 
mixture has been determined and deducted. 

2. Direct Method.—Treat 0.5 gram of the ore in a platinum dish 
with 2—3 cc. of strong sulphuric acid and about 20 cc. of strong pure 
hydrofluoric acid.^ Evaporate over a water-bath or other gentle heat 
as far as possible, and then cautiously raise the heat imtil the sul¬ 
phuric add is fuming copiously. Allow to cool, add water and a little 
hydrochloric add and warm the mixture until the dish is free from 
adhering insoluble matter. Now transfer, using as little wash-water 
as possible, to an 8-oz. flask. Add 5 grams of potassium sulphate, 
5 cc. of strong sulphuric add and one-eighth of a 9-cm. filter. Boil 
the mixture gently at first, to expel water and hydrochloric add, then, 
as the sulphuric add begins to fume, the heat may be increased as 
strongly as the prevention of undue foaming wfll permit, finally 
with the flask in a holder, over a free Bunsen flame, until any free 
sulphur is entirely expelled and the separated carbon is completely 
oxidized, leaving a clean mass or melt, with but little free sulphuric 
add. Allow the flask to cool in an inclined position to avoid cracking. 
The object of the filter paper is to reduce any arsenic or antimony to 
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the <m condition, and thus render its subsequent precipitation as 
sulphide rapid and complete.® 

3. After cooling, add 150 cc. of water and 5 cc. of strong hydro¬ 
chloric add and warm the mixtiure until everything soluble has dis¬ 
solved. If a tr ifling residue remains it may usually be neglected. 
From a larger residue, decant most of the solution through a filter 
and heat the residue with dilute hydrochloric acid, repeating these 
operations once or twice if necessary. Caldum sulphate or lead salts 
may thus be dissolved or greatly reduced in amount.® Pour tlie 
solutions through the filter, finally transferring any remaining residue, 
and wash with hot water. Reserve the filtrate. The final residue 
may consist of a little barium or caldum sulphate or other unimportant 
substance. If its character is thus recognized it may be neglected, 
but if this is uncertain and aluminum is likely to be present, it is 
best to treat it further. Ignite filter and contents in a platinum dish 
imtil the carbon is consumed. The residue may now be either again 
evaporated with a little hydrofl-uoric and sulphuric acid nearly to 
dryness, or, if silica is apparently absent, it may be fused with a little 
naked sodium and potassium carbonates.'* In either case the solution 
of the product, addified with hydrochloric add, may be added directly 
to the reserved filtrate, without regarding any residue of barium sul¬ 
phate. 

4. The liquid is now an acid solution of the various bases. It 
should not be too add, and it is therefore safer to nearly neutralize 
■with ammonia and then readdify ■with an excess of 5 cc. of hydro¬ 
chloric add.® Now dilute to about 300 cc. with hot water and pass in 
hydrogen sulphide to predpitate the metals of that group. Ten 
minutes will usually suffice for this predpitation, since any arsenic 
or antimony is in the oms condition and will come down quickly. It 
is well, however, to have the liquid fairly cool at the end, to ensure 
the complete predpitation of any lead. Filter, washing ■with water 
containing hydrogen sulphide and a little acetic add. Boil the filtrate 
until all hydrogen sulphide is expelled and then oxidize the iron to 
the ferric condition by the cautious addition of 10 cc. of bromine water 
to the boiling solution.® Now dilute to about 400 cc. ■with cold water 
and allow to cool to room temperature. The liquid is now ready for 
the predpitation of the aluminum as phosphate, according to Peters’s 
modification of Whhler’s method,* as follo-ws: 

* Blair, Chem. Anal, of Iron, 3d ed., p. 250, 
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5. Add ammonia until the solution becomes brown or dark red in 
color, according to the amount of iron present, but still contains no 
precipitate. When there is little or no iron, simply neutralize to faint 
acidity, using litmus paper. Now add 3.3 cc. of hydrochloric acid of 
1.2 sp. gr. and 2 grams of sodium phosphate dissolved in water and 
filtered if necessary.’' Stir until any precipitate formed is dissolved 
and the solution becomes perfectly dear again.* Now add 10 grams 
of sodium thiosulphate, dissolved in water (and filtered if necessarj’), 
and 5 cc. of 80 per cent acetic add, or 4 cc. of the 99 per cent 
add. Heat to boiling, boil fifteen minutes,! and filter as rapidly as 
possible on an ashless filter.® Wash thoroughly with hot water. If 
the amount of the precipitate is small it may at once be dried, ignited 
in a porcelain crucible, together with the filter, and weighed as AIPO4. 
Multiply this weight by 0.4183 to obtain the weight of the AI2O3.® 

If the predpitate is large in amount it should be redissolved and 
repredpitated. Rinse it into a beaker, add a little hydrochloric add 
to dissolve it, and then pour through the filter, to dissolve what was 
not rinsed off, and wash the filter thoroughly. Dilute the filtrate 
somewhat, if necessary, add ammonia in slight excess, and then readd- 
ify with acetic add in slight excess. Heat to boDing, filter, and wash 
with hot water. Then dry (I have found this apparently imnecessary), 
ignite, and wdgh as above described. It is always well to again boil . 
the filtrate from the first predpitate of aluminum phosphate for some 
time and filter off the predpitate formed on a separate filter. Ignite 
this in a separate crudble (not wdghed), and if any AIPO4 is found, 
brush it in with the main portion. A precipitate of sulphur wiU thus 
always be obtained, and the presence of aluminum phosphate can be 
determined only by igniting it. It is best to repeat this boiling and 
filtering until the ignited predpitate leaves no residue. 


* Alumina compounds in ores are very likdy to consist of silicates not easily 
decomposed by ordinary acids. The hydrofluoric add used decomposes these 
silicates and the sulphuric add eventually expds the hydrofluoric add and con¬ 
verts the bases to sulphates. The material is now in condition for the treatment 

* Blair’s directions. Personally, I have frequently found the soluflon to become 
mote and more turbid. I then cautiously add more hydrochloric add until the solution 
cleats, note the extra amoimt used and increase the sodimn thiosulphate at the rate of 10 
grams for each 3 cc. of add required. 

t Blair’s directions. I have found thirty minutes safer. 
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in a that follows. This treatment is given to complete the decomposition 
and facilitate subsequent operations. 

* If arsenic is left in the ic condition, its precipitation by hydrogen sulphide 
is very slow, as the hydrogen sulphide has to first reduce it to the oits condition. 

»The heating with sulphuric add and potassium sulphate converts any iron 
present into anhydrous ferric sulphate. This is usually the most troulilcsomc of 
the eventually soluble salts to get into solution, as it first has to become hydrated. 
Even by heating in the presence of hydrochloric acid the solution is frequently 
very slow. Undissolved anhydrous ferric sulphate, when much is present, usually 
appears as minute pearly scales by slowly rotating the liquid When allowed to 
settle it is not as white as the sulphates of barium, calcium or lead. Any 
remaining undissolved is liable to retain aluminum sulphate and thus render the 
result low. 

^ The mixed salts are used simply because they fuse at a lower temperal ure than 
the single salts. 

® If the solution is very add, hydrogen sulphide may fail to completely precip¬ 
itate all the metals of the group. 

® Hydrogen sulphide reduces any iron present to the fenous condition Bro¬ 
mine water is added to oxidize the iron back to the ferric state. If the hydrogen 
sulphide were not previously boiled off it would be decomposed by the bromine 
water and produce an unnecessary precipitation of sulphur. Having the iron in 
the ferric state permits the proper neutralization with ammonia without causing 
any of the iron to precipitate. When the cold ferric solution is gradually neutral¬ 
ized with ammonia a soluble brown basic ferric chloride is eventually formed, the 
neutralization being carried to the extreme that will not cause a precipitation, 

^The hydrochloric acid added prevents the precipitation of ferric phosphate 
by the sodium phosphate. When the thiosulphate is added, it completes the 
neutralization of the mineral acids and sets free sulphurous acid in their place, 
at the same time reducing the iron to the ferrous condition. Ferrous phos¬ 
phate is soluble under these conditions and therefore does not precipitate. 
Acetic acid is added to maintain the presence of a weak acid during the sub¬ 
sequent boiling and thus prevent the precipitation of all other phosphates except 
aluminum phosphate. 

* Alu m i n u m phosphate is more or less soluble in cold dilute acetic add and 
therefore does not predpitate at once. In the same mixture, heated to boiling, 
however, it is quite insoluble and comes down together with sulphur that separates 
from the continually decomposing thiosulphate. Sulphur always precipitates 
even in the absence of aluminum. It is white at first and therefore indistinguish¬ 
able from the white aluminum phosphate, but agglomerates and turns yellowish on 
prolonged boiling. Its admixture with the aluminum phosphate is advantageous, 
as it facilitates filtration and washing. The filtration is made without delay, while 
the liquid is boiling hot, on account of the possibiljity of some of the aluminum 
phosphate dissolving if the solution is allowed to cool. Even when the precipita¬ 
tion of the aluminum has been complete, the filtrate always becomes turbid owing 
to the continued predpitation of sulphur. 

»The sulphur all bums off during the ignition, and the formula of the ignited 
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residue is AIPO4. Its molecular weight is 122.14. Two molecules of AIPO4 cor¬ 
respond to I molecule of AI2O3, of which the molecular weight is 102.2. This gives 
the proportion 244.28 : 102.2 = 1 : jc. 2:=04183. That is, any weight of AIPO4, 
multiplied by Q.4183, will give the weight of AI2O3 to which it corresponds. 

For the treatment in the flask, potassium sulphate is prescribed Potassium 
or sodium add sulphate, or anhydrous sodium sulphate will serve equally well. 
Acid sulphates are unnecessary at the outset, as normal sulphates are soon con¬ 
verted to acid sulphates by the concentrated sulphuric acid and heat. 


6. Direct Method Using Sodium Thiosulphate.—Proceed as 
described in 2, 3 and 4 until the liquid of 5 is obtained. Now add 
dilute ammonia cautiously, with stirring, until the precipitate pro¬ 
duced finally dissolves with diflflculty, but avoid causing a permanent 
precipitate. Endeavor to have the solution now contain not over 
100 mg. of A 1 in 200 cc. Add an excess of sodium thiosulphate and 
boil until free from SO2. Al(OH)3 is precipitated together with free 
sulphur, according to the reaction: 

2AlCl3+3Na2S203+3H20 = 2Alf0H)3+3S02+3S. 

Filter the precipitate of Al(OH)3 and sulphur and wash thoroughly 
with hot water containing some ammonium chloride or nitrate. Dry 
the precipitate, separate it from 'the filter, ignite the latter and add 
the ash to the main precipitate. Now ignite the whole over the blast 
lamp to constant weight and weigh as AI2O3. The above procedure 
separates aluminum from iron. 

7. Indirect Method.^—^This is useful in technical work only when 
the precipitate of mixed iron and aluminum hydroxides can be easily 
obtained free, or nearly so, from phosphorus and arsenic, as in the case 
of day and similar material. If phosphorus or arsenic are likely to be 
present in more than negligible amount, their separation or estimation 
is involved, and the process usually becomes too tedious for a technical 
method. Where the method is applicable the procedure may be as 
follows: 

Take 0.5 gram of the substance and decompose it, according to its 
nature, either with adds or by fusion in platinum with a mixture of 3 
grams of sodium carbonate and 2 grams of potassium carbonate.^ 
In the latter case, fuse until dear, disintegrate the cold mdt by heating 
with water and transfer the noixture to an evaporating-dish. Cover 
the dish, acidify with hydrochloric add and evaporate to dryness to 
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remove silica. If adds alone have sufficed for the decomposition, the 
solution may be similarly evaporated. Sometimes an evaporation to 
dryness, in platinum, with hydrofluoric acid mked with hydrochloric 
or a little sulphuric add (the material being moistened with the latter 
before the hydrofluoric add is added)® may serve to decompose the 
substance and remove silica at the same time. After the evaporation 
take up in hydrochloric add and dilute. Dilute the filtrate from the 
silica, or the solution otherwise obtained free from silica, to from loo 
to 300 cc., according to the amount of iron or aluminum apparently 
present, make slightly alkaline with ammonia and heat to boiling. 
Keep at a boiling temperature for a short time, tlicn remove from the 
heat and allow to settle somewhat, and filter, washing with hot water. 
If the amount of the predpitate is large it is best to redissolve it in 
hydrochloric add and repeat the precipitation It is always safer to 
do this in any case.'^ The final washing should be very thorough, 
ten to twenty times with hot water, or until a portion of the filtrate 
shows no test for chlorine. Finally, dry and ignite the mixed hydro.x- 
ides and wdgh as Fe 203 and AL'Oj.® After weighing, fuse in platinum 
with a little potassium add sulphate, take up the mdt in dilute hydro¬ 
chloric add and determine the amoimt of FcaOs volumetrically, thus 
arriving at the wdght of the AI2O3 by difference.® Phosphours, 
arsenic, and the heavy metals are "presumably absent from the sub¬ 
stance tested. If manganese is present in apprcdable amount it 
should be separated from the iron and aluminum by the basic acetate 
method (see Fresenius or Treadwell) previous to the prccipiUition by 
ammonia. 


*■ Frequently, in analytical separations, the precipitate which is produced by 
ammonia, or bromine (to catch manganese) and ammonia, and which consists 
mainly of the hydroxides of iron, aluminum and manganese, is so slight that it is 
simply ignited and weighed without an attempt at separation. It is then reported 
either as FesOa or FesOj, AtaOj, and perhaps MnjOc also. 

® The mixed carbonates fuse at a lower temperature than either salt separately. 
With silicates very difficult to decompose, it is better to use sodium carbonate 
alone and a higher temperature. 

• If hydrofluoric add is added before moistening with sulphuric acid, the heat 
of combination with the silica of the powdered material is liable to produce a pull 
of vapor suffident to cause a loss of some of the substance. 

* Iron and alu minum , when predpitated in the ordinary way with ammonia, 
usually carry down with them some of the other constituents in solution, such as 
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calciiim, copper and zinc. Even though the salts thus carried down are soluble, 
they cannot subsequently be washed out of the precipitate. When the precipitate 
is large and the impurities are non-volatile, a considerable error may be introduced. 
Re-solution of the precipitate, followed by a second preapitation, minimizes this 
error. Sometimes a third or fourth treatment is desirable. Alumma, after ignition, 
is very hygroscopic, and therefore no time should be lost, after cooling in a desic¬ 
cator, before weighing. The ignited precipitate is liable to gain weight after 
cooling, even when in a desiccator. 

® Suppose that the weight of the combined osddes was 0.1062 gram. On the 
0.5 gram basis this is equal to 21.24 per cent. Inspection will sometimes show 
whether FeaOa or AI2O3 preponderates, the former being brown and the latter white. 
If the amount of iron present is apparently very small, its determination is best 
made by varying the usual precedure somewhat. Consult Iron, 13 , at end, and 14 . 
The above residue has been gotten into hydrochloric acid solution. Add a small 
pinch of granulated zinc. The mixture soon becomes colorless, showing that the 
iron is all reduced. Add a little sulphuric acid to dissolve the excess zinc, then 
dilute with cold water to perhaps 50 cc. and filter, receiving the filtrate in a beaker 
See that the solution is cold, and titrate at once with standard permanganate. 
Special refinements as to bulk of solution, degree of acidity and blank test of the 
zinc are unnecessary. 

When the amount of iron is apparently large, treat the hydrochloric acid solu¬ 
tion just as described in Iron, 13 , at end, and 14 . 

® Suppose, on the basis of o 5 gram of ore taken originally, the titration show ed 
13 86 per cent Fe. This must be calculated to the corresponding per cent of 
FejOa, to make the proper subtraction from the per cent of the mixed oxides. 
The atomic weight of Fe is 55 84. The molecular w’eight of FciOj is 159.68. It 
takes 2Fe to correspond to FeaOj; therefore, in 68 : 159.68 = 13.86 •: x jc -19 84 
This is the percentage of Fe203 in the mixed oxides Total percentage, 21.24, 
minus 19.84 = 1.40, the percentage of AI2O3. 
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Tee technical determination of antimony in ores, etc., is best 
made by volumetric methods. The most troublesome interfering 
element is usually arsenic. Where arsenic is known to be absent or 
negligible, the procedure in the following method may be shortened 
by omitting the operations for its removal. 

1. Before beginning treatment the nature of the material should 
be considered. Most sulphides and mixed ores yield readily to the 
add treatment described below, but oxidized ores rich in antimony 
may fail of complete decomposition. Such material is easily decom¬ 
posed by the method described in 6. 

2. Method Applicable to Sulphides and Most Mixed Ores and 
Low-grade Oxides.*—Weigh 0.5 gram of the finely ground ore into an 
8-oz. flask (a P3^ex flask is best), add 2 grams of anhydrous sodium 
sulphate, 5-6 cc. of strong sulphuric add and one-eighth of a 9-cm. 
filter paper. The object of the latter is to provide organic matter 
for the reduction of arsenic and antimony to the ous condition, thus 
facilitating the solution of the antimony and also rendering the 
subsequent predpitation of both metals as sulphides rapid and com¬ 
plete. Heat the mixture, cautiously at first, over a small free flame, 
then, with the flask in a holder, over the full flame of a Bunsen burner. 
Continue until any free sulphur is all expelled, the separated carbon 
completely oxidized and the free sulphuric add almost entirely driven 
off. If apparently necessary, add a little more sulphuric add and run 
down again. 

AUow the mass to cool with the flask on its side, as otherwise 
the solidifying cake may aack it, or, rotate the flask slowly with the 
holder until the mass solidifies on the sides. 

3. When cold, add 25 cc. of hot water and warm gently, without 
boDing, to completely disintegrate the cake. Boiling would materially 
alter the volume of the water and change its rdation to the hydro¬ 
chloric add next added. Remove from the heat, add 50 cc. of strong 
hydrochloric add and agitate gently, without further heating, to dis- 

• A. H. Low, Jour. Am. Chem Soc., XXVm, 1715, modified. 
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solve soluble salts, especially anhydrous ferric sulphate.^ The mixture 
is now 2 volumes of strong add to i of water.® Additional heating 
is avoided at this stage, as it might easily occasion loss of arsenic by 
volatilization, if the latter is to be determined, and might also change 
the relative proportions of add and water, upon which the separation 
of arsenic depends. 

Pass in a rapid current of hydrogen sulphide for about ten minutes. 
As any arsenic present is in the otis condition, this should be suffident 
time for its complete predpitation. A little arsenious 
chloride in the vapors might permit the formation of 
sulphide that would escape from the flask. To prevent 
this possible slight loss it is best to use the arrange¬ 
ment shown in Fig. i6. The thistle-tube contains a 
few bits of broken glass moistened with 5 per cent 
sodium hydroxide solution. Any arsenic escaping is 
thus caught and subsequently recovered. Some copper 
may be predpitated, but no antimony or tin. During 
the predpitation make a mixture of 25 cc. of water and 
SO cc. of strong hydrochloric add, to be used in the 
subsequent washing. Also prepare a Witt’s plate filter 
in a loop funnel (Apparatus, 3). If a bell-jar and glass plate are 
available, so as to permit filtration into a beaker, they may be used 
with suction, but a filter flask is undesirable, as it necessitates sub¬ 
sequent transference of the filtrate into a beaker. The suction of a 
loop funnel is usually quite suflfident. 

Filter off the AS2S3 predpitate, receiving the filtrate in a 600-cc. 
beaker. Adhering sulphide in the flask or on the delivery tube will be 
recovered later, but it must be well washed with the add mixture, to 
remove antimony. 

Wash the delivery tube, hdd over the flask, with the prepared 
add mixture and set it aside temporarily. Now wash out the fllask 
with the same mixture, pouring from the flask over the predpitate, 
and allowing the filter to drain completely between washings. The 
antimony is now in the filtrate. If arsenic is to be determined, proceed 
with the predpitate, flads: and delivery tube as directed in Arsenic, 2. 

Continue with the antimony as follows: 

4. Mark the height of the fitltrate on the beaker and then dilute 
with hot water to about 3^ times this height. Pass in a rapid current 
of hydrogen sulphide for at least ten minutes. The previous delivery 
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tube and flask, if not reserved for arsenic, may be cleansed with 
arnTTioTiia. and used for antimony. Filter the precipitated SbaSj through 
a Witt’s plate filter as before, into a large beaker. The filtrate should 
be perfectly clear—otherwise re-filter. Using hydrogen sulphide 
water slightly acidified with acetic acid, wash out the beaker an<l 
delivery tube and then wash the precipitate six or seven limes. This 
is to remove most of the hydrocMcric acid. Reject the filtrate. 
Wipe out any adhering sulphide in the beaker with a bit of filler 
paper and place on the precipitate. Reserve the delivery tube. 

Place the dean original flask, or a similar one, under the funnel. 
Warm about 15 cc. of a 5 per cent solution of sodium hydro.xidc in a 
small beaker. Cleanse the ddivery tube, held over the funnel, with a 
few drops of this, and then continue to pour the solution very slowly 
over the predpitate to dissolve it. Use as little as possible—i)crhaps 
10 cc. Dilute the remainder (or take a little more if necessary) with 
about 50 cc. of hot water, for washing. Wash the filter six or seven 
times with this, keeping the bulk of the filtrate as small as possible. 

Add to the solution in the flask about 2 grams of anhydrous sodiuin 
sulphate and 6-7 cc. of strong sulphuric add. Support the flask over 
a small free flame and boil down to small bulk; then, with the flask in 
a holder, run down, over a strong free flame, as in the original decom¬ 
position of the ore, using the same precautions in the cooling. The 
piece of filter paper for reduction purposes is here omitted as unnec¬ 
essary.® 

To the cool residue in the flask add 50 cc. of hot water and 10 cc. 
of hydrochloric add, also about 3 grams of powdered tartaric acid, 
to prevent the separation of any insoluble antimonyl chloride. Heat 
to effect solution and then boil a short time to expel any possible SO2. 
Now add 10 cc. more hydrochloric add and cool completely under the 
tap. Dilute to about 140 cc. with cold water, and titrate with stand¬ 
ard potassium permanganate solution to the usual pink tinge.'* The 
end-point is sharp, but soon fades, owing to the action of the hydro¬ 
chloric add present. 

The standard permanganate used for the iron titration wiU serve 
for antimony. The Fe value of the permanganate multiplied by 1.076 
will give the Sb value.® Or, multiply the sodium oxalate (CaO^Naa) 
value by 0.8971. 

5- Notes.—^Sometimes an appredable amount of undecomposed 
material remains after the above fusion in a flask. This is usually 
of a dlidous nature and not likely to contain antimony (or arsenic). 
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A small amount of copper (frequently present) has no influence on 
the antimony titration. 

Tin is without influence on the antimony result (since it exists 
in the final solution as stannic sulphate), but it may prove a great 
annoyance, if much is present, owing to its troublesome sulphide. 
In such a case I have found Clark’s oxalic acid method for preventing 
the precipitation of tin sulphide very satisfactory. Simply dissolve 
lo grams of oxalic acid crystals in the filtrate containing the anti¬ 
mony, previous to diluting and passing in hydrogen sulphide. The 
tin will be kept in solution and occasion no further trouble. 

1 In a hydrochloric acid mixture of this strength, antimony will not be precip- 
tated by hydrogen sulphide, while arsenic in the ous condition will quickly come 
down as AsaSa. 

® Anhydrous ferric sulphate, produced by the effect of concentrated sulphuric 
acid and heat on iron salts, is most troublesome to dissolve. If much is present 
it appears as minute pearly scales when the liquid is slightly agitated or rotated 
In a warm acid solution it wiU gradually become hydrated and dissolve 

3 The free sulphur which is always present is a sufficient reducing agent, and, 
moreover, the antimony is already in a reduced condition at the outset. 

^ Antimony may be assumed to exist in the oiis condition as SbCU, which the 
permanganate oxidizes to the ic condition, SbCU. The follo^ving explanation will 
serve to show how this is done. The reactions given are simplified so as to indicate 
only the essential points 

First, considering the permanganate: 

2 K]Mn 04 =KjMnaOa = K^O MnsO?. The essential portion of this compound is 
the MnaO?. This gives up oxygen and becomes reduced to hln^Oj, or, 2]MnO. 
Mn207 = 2 Mn 0 + 06 . This means that 2KMn04 has 5 ox>^gen atoms available for 
oxidation. Now consider how one of these atoms can act on the hydrochloric 
acid present. 2HCI +0 d-Ch. This gives the chlorine necessary to change 
SbCls to SbCls. 

Of course, the antimony is oxidized without actually combining with any 
oxygen, simply by having its valence changed. 

® It will be observed m the above reactions that i atom of oxygen serves to 
change SbCb to SbCls, that is, 0 corresponds to Sb. For convenience we may say 
0 =Sb. Now, when ferrous iron is oxidized by permanganate, or anything else, to 
ferric iron, no matter what the actual iron salts happen to be, the oxygen required 
is precisely the same in amount as though FeO were changed to Fe203. This 
, reaction is 2FeO, or, Fe2024-0=Fe203. This shows that every Fe2 requires i 
oxygen, or 0 = 2Fe. Thus we have 0 =Sb and 0 = 2Fe, or, Sb = 2Fe Consider¬ 
ing the atomic weights, 120 2 parts of Sb = 111.68 parts of Fe by weight. Accord¬ 
ingly, if 1 cc. of an oxidizing solution like permanganate has a certain value for 
iron, its value for antimony will be in accordance with the proportion 111.68 :120.2 
= I: z. x=i .076. The proportion for oxalic acid or an oxalate may be similarly 
calculated from the oxygen ratios. 
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6. Decomposition of Oxidized Material.—In a thin spun-iron 
crucible of about 6o-cc. capacity melt about 8 grams of sodium hydrox¬ 
ide (2-3 in. of the stick hydroxide, broken into short pieces). Heat 
until the moisture is expelled and quiet fusion attained, and then allow 
to cool. It is a good plan to add a very small pinch of potassium 
nitrate to the melt just previous to cooling, to guard against any 
subsequent reduction of metal from the ore.^ 

Weigh 0.5 gram of the powdered ore, transfer it to the prepared 
crucible, cover with a very loosely fitting porcelain cover and fuse the 
mixture. Heat very cautiously at first until violent bubbling has 
ceased, and then with the full flame of a Bunsen burner until quiet 
fusion is attained. Remove the cover and pour the melt upon a clean 
iron plate, or other cold smooth surface. Invert an evaporating dish 
over the hot cake, to prevent loss in case the cake cracks violently 
apart on cooling. 

Set the crucible in a 400-cc. beaker containing 50 cc. of cold water. 
Cover the beaker and tip the crucible over with a glass rod, so as to 
admit the water, and add 40 cc. of strong hydrochloric acid. Warm 
the mixture and turn the crucible about with the glass rod until it 
appears clean. Remove and rinse the beaker cover, lift the crucible 
on the rod, and wash off the outside so as to permit handb'ng with the 
fingers. Now rinse out the inside of the crucible. If any undissolved 
melt remains, dissolve it with a little hydrochloric acid and rinse into 
the beaker. Add the cooled melt and porcelain cover, and again 
cover the beaker. Warm until the cake has dissolved. Lift out the 
crucible cover with forceps, or by means of a bent iron wire passed 
through the loop, and wash it 

As a rule the decomposition is perfect and everything goes into 
solution in the hydrochloric add, even the silidc add, except, perhaps, 
scales of iron oxide from the crudble, to which no attention need be 
paid. Barium might separate as sulphate, but this is easily distin¬ 
guishable from undecomposed ore. Now add 2-3 grams of tartaric 
add,2 and when it has dissolved, dilute suffidently and filter if neces¬ 
sary, which is rarely the case. If gelatinous silica dogs the filter, a 
few drops of hydrofluoric add will usually dear it. 

7. I^eatment of Solution.—^Having obtained a hydrochloric add 
solution containing all the antimony, together with suffident tartaric 
add, dilute to about 300 cc. with hot water. Predpitate the antimony 
with hydrogen sulphide and then follow the directions given in 4 up 
to the point where the cold residue is obtained in the flask after the 
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sulphate fusion. From this point, proceed exacuy as aixer tne xusiun 
of the ore by the previous method. 

8. Method for Hard Lead, etc.—^In the absence of arsenic, treat 
0.5 gram of the alloy, which may be in moderately coarse particles, 
precisely as described for ores in 2, until the usual melt is obtained. 
When cold, add 50 cc. of hot water, 10 cc. of hydrochloric acid and 
about 3 grams of tartaric acid. Heat to effect solution and boil to 
expel any possible SO2. Now add 10 cc. more hydrochloric acid and 
cool completely, under the tap. Dilute to about 140 cc. with cold 
water, and titrate with standard potassium permanganate solution 
to the usual pink tinge. Calculate the result, as in 4. Tin, lead and 
small amounts of copper and iron do not interfere. 

If arsenic is likely to be present, separate it just as described for 
ores in 2. An alloy containing a large amount of copper should be 
similarly treated. _ 

^ The sodium hydroxide contains an excess of water, which it does not give up 
until melted ^d heated to dull redness Unless this water were removed before 
adding the ore, there would be a large loss from spattering. Sodium peroxide 
does not have this defect, but, on the other hand, its high oxidizing power in 
many cases prevents or hinders complete decomposition of the ore 

® This is to prevent the precipitation of a basic salt of antimony when the 
solution is subsequently largely diluted. 

9. Another Method for Hard Lead, etc.—^Treat 0.5 gram of the 
very finely divided alloy in an 8-02. flask with a mixture of 5 cc. 
strong nitric acid, 10 cc. of water, and 2-3 grams of tartaric acid.^ 
Heat gently until solution is complete and then boil off most of the 
nitric acid. Add suiBhcient water (and more tartaric acid if the solu¬ 
tion becomes turbid) and pour the mixture slowly into a solution con¬ 
taining 20-25 grams of sodium monosulphide and 10 grams of sodium 
hydroxide in 300 cc. of water.^ Warm the mixture, allow the lead 
sulphide, etc., to settle, and filter, washing with water containing 
sodium sulphide. Make the filtrate slightly acid with dilute sul¬ 
phuric acid, allow the precipitated antimony sulphide to settle, and 
then filter and wash with dilute hydrogen sulphide water. Treat the 
antimony sulphide from this point as described in 4, or, if arsenic is 
likely to be present, proceed as follows: Rinse the precipitate from the 
filter as completely as possible, with a jet of hot water, into a 400-cc. 
beaker. Place the beaker and contents under the funnel and dis¬ 
solve the precipitate still adhering to the filter with a little warm 
ammonium sulphide solution. Make the mixture in the beaker just 
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add with hydrochloric add and then add to it just double its volume 
of strong hydrochloric add.® Warm the mixture slightly and stir 
until all the antimony sulphide has dissolved and then pass in hydro¬ 
gen sulphide to again predpitate any arsenic sulphide that may also 
!^ve dissolved. Finally continue as described in 3 and 4. 


^ The tartaric add is added to prevent the predpitation of a basic salt of anti¬ 
mony. 

! Sodium monosulphide holds the antimony in solution, while the sulphides of 
lead, copper, etc., predpitate. The monosulphide is preferable to a polysulphidc 
for this purpose, mainly because, when the filtrate is subsequently acidified, there 
is less separation of free sulphur. 

• In dilute add solution both antimony and arsenic are precipitated by hydro¬ 
gen sulphide, but in a nuxture of the strength here prescribed, 2 parts of strong 
hydrochloric acid to 1 of water (not counting the small amormt of free sulphuric 
aad present), the antimony sulphide wiU redissolve on shght warming, while the 
arsenic sulphide should be unaSected. 


10. Rowell’s Method for Antimony in Ores and Alloys.*—The 
following method is based on the reaction 

OrOs+sSbCls-l-dHCl sSbCU-hKBr-f 3H2O. 

A method based on this reaction was first suggested by Gyory and 
modified by Nissensen and Siedler for testing hard leads. The present 
method is a modification of the latter. 

Standard Arsenious Chloride Solution.—^Into a 500-cc. graduated 
flask 0.823s of Pur® powdered arsenious oxide, dried carefully 
at 100® C., is weighed. About 5 cc. of 10 per cent sodium hydroxide 
solution are added, and the flask is shaken and gently warmed until 
the arsenic is completely dissolved; 5 cc. of strong hydrochloric acid 
are added and the solution is made up to the mark with water. Fifty 
cubic centimeters of this solution, .equivalent to o.io gram of anti¬ 
mony ,1 are measured off with a pipette, the delivery of which has been 
checked against the 500-cc. flhsk. A solution made in this way and 
kept in a well-stoppered bottle remains unchanged for a fortnight 
without oxidation. 

The Indicator.—One-tenih of a gram of pure methyl orange is 
dissolved in 100 cc. of hot water. Drops of Ibis indicator should be 
taken out with a tube to avoid the stain left about the neck of the 
* H. W. Rowell, JoOT. Soc. Chem. Ind, XXV, 1181. 
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bottle, as this or an old solution is liable to leave a stain and spoil the 
sharp finish. Methyl blue 'and other methyl colors stable in hydro¬ 
chloric acid generally stain the solution, while indigo turns green 
toward the finish, and the end is not so easily distinguished as with 
methyl orange. More of a solution of indigo is also required to produce 
a sufficient color, which makes the test a trifle higher. 

The Standard Potassium Bromate Solution is approximately 
N/20, and is made by dissolving 1.41 grams of the “ pure ” salt in 
I liter of water. The theoretical quantity is 1.3918 grams, per liter,^ 
but the “ pure ” salt always contains bromide which, however, makes 
no difference to the test. To standardize the solution, 20 cc. of strong 
hydrochloric acid are added to 50 cc. of the standard arsenic solution, 
and the mixture brought just to the boil. Thirty cubic centimeters 
of the bromate solution are then added, and the titration finished in 
exactly the same way as in the method below, all the precautions being 
observed. The solution should be standardized every week, as it 
loses value at the rate of about 2.5 cc. per liter per week. 

A one-fifth normal solution may be used for titrating larger quan¬ 
tities of antimony. 

Bromine Solution.—^Thirty-five cubic centimeters of pure bromine, 
thoroughly shaken up with 250 cc. of strong hydrochloric acid, makes 
a saturated solution, and leaves excess of bromine. The required 
quantity is conveniently measured by dipping in a pipette without any 
stem below the bulb and so allowing it to fill. 

Method of Analysis.—One gram of the finely divided ore or alloy, 
containing not more than 0.15 gram of antimony, is w'eighed 
off into a 500-cc. beaker. These quantities may be varied, provided 
that more of the substance can be conveniently dissolved, and that 
the amount of standard bromate solution required is within the com¬ 
pass of the burette used. To the sample, 25 cc. of concentrated hydro¬ 
chloric add and 5 cc. of the saturated solution of bromine in hydro- 
diloric add are added; the covered beaker is then placed on a warm 
iron plate, so that the temperature is not high enough to drive off the 
bromine before complete solution is effected, and occasionally shaken 
tmtil complete solution takes place. 

Antimony oxides, and predpitates of mixed oxides of antimony 
and tin which do not dissolve readily in this way, naay be fused with 
dght times their wdght of caustic soda in a silver crudble at a dull- 
red heat, till the mass turns yeUowish-green.® The fused mass is dis- 
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solved in as little water as possible and transferred to a 500-cc. beaker 
and the solution acidified with hydrochloric acid and evaporated 
down to 10 cc.j when 20 cc. of hydrochloric acid are added. To 
reduce the antimony, 3 or 4 grams of fresh sodium sulphite crystals 
are added, the cover and sides of the beaker lightly rinsed down with 
water, and the liqxiid evaporated, with the cover on, to 10 cc. or a 
little less if possible. Although there seems to be little risk of the 
antimony oxidizing during the evaporation, the cover is better kept on, 
as it retards the evaporation very little and often saves a test when it, 
or one near it, spurts through evaporating too far. 

Sodium sulphite is better than sulphurous acid for effecting the 
reduction, as it raises the boiling-pomt considerably toward the finish 
and ensures complete volatilization of the arsenic. If more than 2 
or 3 per cent of arsenic are present, 20 cc. of strong hydrochloric acid 
and 5 cc. of saturated sulphurous add are added, and the liquid boiled 
down again. 

To the concentrated solution, 20 cc. of strong hydrochloric add 
and 40 cc. of hot water are added, the cover and sides of the beaker 
are rinsed, and the whole is boiled for one minute to remove traces of 
sulphurous add. The standard solution of potassium bromate is 
now run in, to within a few cubic centimeters of the necessary amount, 
with constant and thorough stirring, and at the rate of 30 cc., at most, 
every fifty seconds.* If lead chloride begins to crystallize, the solu¬ 
tion must be boiled again, but otherwise two drops of methyl orange 
solution are added, and the bromate run in drop by drop, till the color 
of the indicator is destroyed. The solution should be kept at a min¬ 
imum temperature of 60“ C., and should be thoroughly stirred during 
the titration so that a local excess of bromate never forms, otherwise 
some of its value is lost before it attacks the antimony. The result 
is calculated from the equation 


(cc. of bromate required by i gram sample—blank) 10 

~ " '————- — ■ - - — ■ —... sssper cent Sd. 

cc. of bromate required by 50 cc. of arsenic solution 


A blank test should be made occasionally in exactly the same 
way as above, the sample being omitted, and the result (which should 
not exceed 0.2 cc.) subtracted from each test. 

* A preliminaiy nm on approximately half of the solution, to which methyl orange has 
been added at the outset, will indicate the approximate end-point. This titrated portion 
may then be added to the rest and the titration completed carefully. 
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Possible Sources of Error.—^The most probable source of error 
is the incomplete removal of arsenic or sulphur dioxide. 

Oxidation need not be feared if the cover is kept on. The liquid 
must not be allowed to evaporate to dryness, as anthnonious chloride 
begins to volatilize at about 195° C., and boils at 220“ C. 

Lead, zinc, tin, silver, chromium and sulphuric add have no 
effect upon the test, but large quantities of caldum and ammonium 
salts tend to make the result high. 

Iron tends to make the results high, but not in as great a ratio 
as copper. Iron is very slightly reduced by sulphurous add in a 
strong hydrochloric add solution, and if, before the sodium sulphite is 
added to a test, it is boiled down to as small volume as possible and 
made up again with cold, strong hydrochloric add, the effect of iron 
is almost destroyed. With this precaution, i per cent of iron raises 
the test about 0.02 per cent, while 5 per cent has very little more 
effect 

The Effect of Copp^.—Copper is partially reduced by sulphurous 
add in a strong hydrochloric add solution, and, tmder the conditions 
of the method given, raises the test in a fairly constant ratio as shown 
by the following figures; 


Gram Sb. 

0.001 gram of copper as cupric chloride in a blank test =0.0001 
0.005 grani of copper as cupric chloride in a blank test =0.0005 
0.010 gram of copper as cupric chloride in a blank test =0.0012 

The quickest and most satisfactory way of obviating the effect 
of copper is to dissolve the substance in 15 cc. of nitric add (i : 2), 
evaporate just to dryness, and boil for a few minutes with 50 cc. 
of I per cent nitric add; allow to settle and pour off the liquid through 
a fine filter. Add 30 cc. of 5 per cent solution of ammonium nitrate, 
boil again, and transfer all the predpitate to the filter, wash two or 
three times with a hot 5 per cent solution of ammonium nitrate, and 
dry the filter and predpitate. Separate the latter from the filter and 
fuse it and the filter ash together as directed above.* 

Perhaps as exact a way, when the copper amounts to about i 
per cent, is to subtract 0.012 per cent of antimony for every 0.1 
per cent of copper, the copper being estimated by a separate colori¬ 
metric test® 
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By the above method an estimation of antimony in antimonial 
lead can be carried out in one hour from the time of weighing. 


^AsaOa when oxidized, is changed to AsaOs. Thus 2 atoms of oxygen are 
required for 2 atoms of arsenic For convenience we may say Asa=O2, or, As = 0 . 

When antimony in the ons condition is oxidized, the amount of oxygen required, 
without regard to the actual combination in which the antimony may occur, 
whether chloride or otherwise, is the same as though the antimony existed as 
Sb203 and were changed to Sb206. SbaOa requires O2 to be changed to SbaOs, 
or, Sb2 = O2 and Sb = 0 . 

Accordingly, as As =0 and Sb= 0 , As=Sb. This means that 74 96 parts by 
weight of As are equivalent to 120.2 parts of Sb. 

Now 50 cc. of the arsenic solution contains o 08235 gram of AsaOj, equivalent 
to o 06237 gram of As. The weight of Sb to which this is equivalent is therefore 
derived from the proportion 74 96 : 120 2 = 0 0637 ix, x—010 gram. 

The original figure, 0.8235, is, of course, derived by working the above relations 
in the reverse direction. 

2 The formula is KBrOj, the active constituent is oxygen and all of it is used 
in the reaction. The hydrogen equivalent of O2 is lie, therefore, the amount of 
KBrOa corresponding to 1 gram-atom of hydrogen is i of its molecular weight, in 
grams, or, 27 836 grams. This quantity, contained in i liter, gives the normal 
solution. The N/20 solution, then should contain i 3918 grams per liter. 

® To avoid loss by spattering, observe the precautions described in 6. 

^ The evaporation with dilute nitric add converts the antimony into insoluble 
Sb203, which is filtered off. The filtrate always contains a trace of antimony, which 
is less soluble in a solution containing ammonium nitrate. 

® Weigh o.i gram of pure copper, dissolve it in nitric acid and dilute the solution 
to 100 cc. One cubic centimeter=0 i per cent copper, on the basis of i gram = 
100 per cent. 

Add an excess of ammonia to the titrated solution, so as to develop any blue 
color to be produced by copper. Mix and allow any precipitate to settle. 

Place some water in a similar beaker, run in a definite amount of the copper 
solution from a burette, make alkaline with ammonia and dilute the solution to 
the same bulk as that in the first beaker. By a succe.ssion of trials, match the 
color of the first beaker as dosely as possible. Note the amount of copper solution 
required and calculate the per cent. 

The above simple procedure is not expected to give a very exact result, but is 
probably quite suffident for the purpose intended. 
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ARSENIC 

For the technical determination of arsenic in ores and metallurgical 
products, I have found the following method to be perhaps the most 
generally applicable and reliable (also see ii): 

1. Method for Ores, etc.*—^Treat 0.5 gram of the ore precisely as 
described for antimony in Antimony, 2 and 3. This will result in the 
arsenic being obtained on the filter as sulphide, the precipitate, flask 
and delivery tube having been washed with the hydrochloric acid 
mixture to remove antimony. 

2. Using hydrogen sulphide water,t wash off the delivery tube 
into the flask and then set it aside temporarily. Now wash out the 
flask six or seven times with hydrogen sulphide water, pouring over 
the precipitate in the funnel and allowing the filter to drain completely 
between washes. This is to remove most of the hydrochloric acid. 
If a very little acid remains it will do no harm. Reject the filtrate 

Place the flask, which may stiU contain adhering sulphide, under 
the funnel. Warm about 15 cc. of a 5 per cent solution of sodium 
hydroxide in a small beaker or wash-bottle. Cleanse the delivery 
tube, held over the funnel, with a few drops of this and then continue 
to nm the solution very slowly over the precipitate to dissolve it. 
Use as little as possible (perhaps 10 cc., but more if necessary). Dilute 
about S cc. of the hydroxide solution with about 50 cc. of hot water for 
washing. Wash the filter six or seven times with this, but endeavor 
not to get a bulky filtrate, as it has to be boiled away. 

Add to the solution in the flask about 2 grams of anhydrous sodium 
sulphate and 6-7 cc. of strong sulphuric acid.^ Support the flask over 
a small free flame and boil down to small bulk; then, with the flask in 
a holder, nm down to a melt, over a strong flame, as in the original 
decomposition, using the same precautions in the heating and cooling. 

Any small amount of hydrochloric add present is expelled during 

♦ A. H Low, Jour Am. Chem. Soc., XXVIEI, 1715. Modified, 
t It is best to have this dightly acidulated with acetic add, 
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the lipafing before the arsenious sulphide is decomposed, and there¬ 
fore causes no loss of arsenic by volatilization as chloride. 

Add 50 cc. of hot water to the cold residue in the flask, heat to 
effect solution and then boil for a short time to expel any possible SO2. 
Now add 50 cc. of cold water and cool tmder the tap, to room tempera¬ 
ture. Add a few drops of phenolphthalein solution as indicator and 
make sli^tly alkaline with 20 per cent sodium hydroxide solution, 
then reacidify slightly with hydrochloric add. Cool again, if at all 
warm. To the cold, slightly add solution, add 3-4 grams, or an excess, 
of sodium add carbonate ^ and then a little starch solution. Titrate 
with standard iodine solution to a permanent blue tinge. When 
the end of the titration is near, the color produced by the iodine will 
fade slowly after each addition of a drop. Proceed cautiously at this 
point until the addition of a single drop produces a permanent blue 
tinge. Multiply the cubic centimeters of iodine solution used by the 
percentage value of r cc. in arsenic to obtain the result. 

3. Standard Iodine Solution.—^With 0.5 gram of ore taken for the 
determination, a convenient strength for the iodine solution is r cc = 
about 0.5 per cent As. 

Dissolve 15 grams of potassium iodide and 8.5 grams of iodine 
m 20 cc. of water, and make up to i liter. 

Standardize as follows: Weigh accurately about 0.130 gram of 
pure, dry, powdered arsenious oxide into an 8-oz. flask and dissolve 
by warming with ro cc. of 5 per cent potassium hydroxide solution. 
Dilute to about 125 cc. with cold water, add a few drops of phenol¬ 
phthalein solution, and make slightly acid with hydrochloric add. 
Cool completely, rmder the tap. Add 3-4 grams, or an excess, of 
sodium add carbonate, then a little starch solution and titrate with 
the iodine solution to a permanent blue tinge. 

Multiply the weight of AS2O3 taken, by 0.7577, to find the equiva¬ 
lent wei^t of As.® Convert this to percentage value on the half¬ 
gram baas (about 22 per cent) and divide this by the number of cubic 
centimeters used. This gives the percentage value of i cc. of the iodine 
solution in arsenic. 


* The arsenic is already in the oiis condition, as required for the subsequent 
titration; therefore no reducing agent, such as a piece of filter-paper, is necessary. 
In any event, the free sulphur present after acidification would serve as a sufficient 
reducing agent. 

* Before the sodium add carbonate is added, the solution contains a slight 
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excess of hydrochloric add. The sodium salt neutralizes this, leaving the solution 
aicd with only COj, together with an excess of the add carbonate. The reaction 
during the titration may be expressed as follows: 

H3AsO,+Ii+HaO ?±H,As04+2HI. 

The reaction is reversible, the presence of hydrochloric or hydriodic add tending 
to make it proceed from right to left. The excess of sodium add carbonate, which 
is otherwise without effect, neutralizes the hydriodic add as fast as it is formed, so 
that the reaction proceeds completely from left to right. Free alkali is not per¬ 
missible, as it causes reactions with the iodine. 

* The above reaction shows that As corresponds to !»; that is, 74.96 parts by 
wd^t of As=253.84 parts of I. If 1 cc. of the iodine solution contains 0.0085 
gram of iodine, we have the proportion 74 g6 : 253.84=*: 0.0083 This gives 
*■=0 00251 gram, the value of i cc. in arsenic, or, about o 3 per caat on the half¬ 
gram basic. 


4. Method for Lead, Copper, Alloys, etc.—^It will frequently suf¬ 
fice to take 0.5 gram of the finely divided material and treat it just as 
described for ores. Or, the method described in Anttmony, 9 may be 
followed, imtil the arsenious sulphide, free from antimony, is obtained 
on the filter. From this point follow the directions given in 2. 

5. Pearce’s Method Modified.’"—^Thoroughly mix 0.5 gram of the 
finely ground ore in a platinum dish or large porcelain crucible, with 
5 grams of a mixture of equal parts of dry sodium carbonate and 
potassium nitrate. It is a good plan to reserve a portion of the mixed 
salts for use as a cover. Heat the mass gradually over a Bunsen 
burner to complete fusion. It is best to use a very low flame at first 
and take plenty of time, so that the mixed salts will melt and soak 
through the mass before much decomposition occurs; in this way loss 
of arsenic is prevented with some ores that tend to lose arsenic by 
volatilization. Finally, heat to the fuU power of the Bunsen burner 
until thorough decomposition is effected. Prolonged heating over a 
blast-lamp is sometimes necessary, especially with oxidized ores con¬ 
taining lead. 

6. The melted mass should finally present a smooth and homo¬ 
geneous appearance if the dish or crucible is taken up in the tongs 
and given a drculax movement. Cool, extract the soluble portion 
by b pa.tiTig -with water until thoroughly disintegrated, and then filter 
and wash the residue with cold water. Receive the filtrate in an 

* This method was originally developed by Dr. Pearce and the author in the laboratory 
of the Boston and Colorado Smelting Works, at Argo, Colorado. 
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8-oz. flask. Drop a bit of litmus paper into the flask and then add 
nitric add carefully until the solution is plainly add, simply avoiding 
a large excess, but if a predpitate has formed always add enough add 
to dissolve it. Now add a sufl&dent quantity, as explained below, of a 
solution of silver nitrate, which will usually cause a white predpitate 
of silver chloride, and then cautiously add ammonia until, if arsenic 
be present, a reddish predpitate of silver arsenate appears. If too 
much ammonia be added, the predpitate first formed will redissolve 
and may not be observed at all. In this case the bit of litmus paper 
in the liquid will show an alkaline reaction. Now cautiously add nitric 
add (best dilute) until the red predpitate just redissolves or the litmus 
paper shows a slight acid reaction. To the faintly add liquid add a 
few cubic centimeters of a strong solution of sodium acetate or i or 2 
grams of the crystals. This will effect a replacement of tire free nitric 
add, with acetic acid, and all the arsenic will be at once precipitated 
as silver arsenate, AgaAs04. 

In order to avoid an unnecessarily large excess of silver nitrate, 
it is best to make up a solution containing, say, 17 grams in 500 cc. 
and use a definite amount. One cubic centimeter of a solution of this 
strength will predpitate approximately 0.005 gram of arsenic, or i 
per cent if 0.5 gram of ore is taken for assay. Thus 10 cc. will be an 
excess in most cases.* 

Heat the precipitated mixture to boiling and then cool to room 
temperature, allowing the predpitate to settle somewhat, and filter. 
If the first portions nm through turbid, return them to the filter once 
more. Test the filtrate with a little more silver nitrate and sodium 
acetate. Wash the predpitate with cold water until a portion of the 
washings shows only a faint doud when tested for silver with a soluble 
chloride. 

Now place the original flask under the funnel and dissolve the 
arsenate on the filter with cold dilute (i : i) nitric add; 5 or 10 cc. 
will usually suffice. Wash the filter thoroughly with cold water. 
A white residue of silver chloride usually remains imdissolved. Dilute 
the filtrate, if necessary, to about 100 cc., add about 5 cc. of a strong 
solution of ammonio-ferric alum, and titrate to a permanent red tinge 
with a solution of ammonium thiocyanate (Volhard), sbakitig well, 
espedally at the end, to break up the dots of predpitate and free any 

* It is best to use at least 10 cc. in every case, as small amounts of arsenic may entirely 
foil to precipitate unless a considerable excess of silver nitrate bo added. 
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solution held mechanically. Multiply the number of cubic centi¬ 
meters required, by the arsenic value of i cc. to obtain the amount of 
arsenic in the ore. 

7. If the thiocyanate solution contains 7.612 grams of NHiSCN 
per liter, i cc. will equal 0.0025 gram, or 0.5 per cent, of arsenic.^ It 
should be standardized carefully, either against pure silver or silver 
nitrate, which contains 63.51 per cent of silver. Weigh accurately 
about 0.5 gram of pure silver, dissolve in a little nitric acid, and dilute 
to about 100 cc. or, instead, weigh about 0.8 gram of silver nitrate and 
dissolve in 100 cc. of water acidified slightly with nitric acid. In 
either case add a few cubic centimeters of a strong solution of ammonio- 
ferric alum (acidified with a little nitric acid) as an indicator, and 
titrate to a faint-red tinge with the thiocyanate solution as described 
above. From the number of cubic centimeters required and the 
weight of silver taken, determine the value of i cc. in silver. The 
formxxla of the red precipitate, Ag3As04, shows that 323.64 parts of 
silver represent 74.96 parts of arsenic, and, accordingly, the arsenic 
value of I cc. of the thiocyanate solution is easily deduced from the 
silver value by proportion.^ 

8. In testing heavy sulphide ores there is some danger of a loss of 
arsenic by volatilization during the deflagration. To avoid this 
proceed as follows; Cover the dish containing the weighed ore with a 
watch-glass. Add a little nitric acid and then heat gently, with the 
cover on, to complete dryness. The dish may be placed above a small 
free flame and the heat increased at the end. Allow to cool, loosen 
any spatterings on the cover with a moistened rubber-tipped glass rod, 
and rinse them into the dish with as little water as possible. It is 
usually unnecessary to evaporate off this water if the amount is small. 
Add the 5 grams of nitrate mixture, heat cautiously to dryness, and 
then fuse and proceed as usual. 


* When NHiSCN precipitates silver, the precipitate formed is AgSCN; that 
is, I molecule of NH4SCN is required for each atom of silver This may be 
ejspressed as NH4SCN =Ag, or, in grams, 76.113 grams of NH4SCN=io7.88 grams 
of Ag, from the molecular and atomic weights respectively. 

Now the red precipitate of silver arsenate, AgjAsOi, containing all the silver 
that is to be titrated, shows that every As is represented by Ag». Agi =(NH4SCN) j 
therefore, As=(NH4SCN)j, or, 74.96 parts by wei^t of As=228.34 parts of 
NHiSCN. Thus we obtain the proportion, 228.34:74-96 =*: o-oo25. »= 
o.ooj 6 i 2 . This mwins that I cc. of the thiocyanate must contain 0.0076 grams of 
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the salt, if it is to equal 0.0025 gram, or 0.5 per cent of arsenic, or, 7.612 grams per 
liter. 

* 324 64 :74.96 = Ag value found : As value required. 


9. Sodium Carbonate and Zinc Oxide Method for Ores, etc.*— 
Thoroughly mix i part of dry sodium carbonate and 4 parts of zinc 
oxide. Wei^ 0.5 gram of the ore into a platinum dish and intimately 
mix it with 3 grams of the above mixture, then cover with 2 grams 
more. Partially cover the dish with a thin piece of asbestos board, so 
as to keep in the heat, and heat over a Bunsen burner to bright redness 
for about twenty minutes. An uncovered porcelain dish may be used, 
similarly heated in a muffle. Allow to cool and transfer the mass to 
a suitable beaker, rinsing out the dish with hot water and making up 
the bulk in the beaker to about 50 cc. Heat the mixture to boiling, 
stirring well, and filter, washing thoroughly with hot water, f Receive 
the filtrate in an 8-oz. flask. Drop a small bit of litmus paper into 
the solution as an indicator and then make slightly add with acetic 
add. Now add an excess of silver nitrate solution, as described in 6, 
and agitate the mixture occasionally for a few minutes without heating. 
Filter the silver arsenate, refiiltering if any runs through, and finish 
the determination as described in 6. 

Note .—^For an arsenic detennination, where antimony is not also 
required, this method is shorter and simpler than dther of those 
previously described, but I have found it inapplicable to oxidized 
ores containing much lead, as some of the arsenic always combines 
with the lead and fails to be extracted. A determination can easily 
be made in about fifty minutes. The following test indicates that 
antimony does not mterefere: 

An oxidized ore treated by my own methods gave 


Arsenic.9.365 per cent 

Antimony.0.47 percent 


In trying the above method with this ore, 0.5 gram was weighed 
into a plati n u m , dish and o.i gram of SbaOs added. This was equiva¬ 
lent to increasing the antimony contents of the ore to about 17 per 
cent. Two grams of the zinc oxide noixture were intimately noixed 
with the above and about a gram more was used as a cover. The 

* W. C. Ebauj^ and C. B. Sptague, Jour. Am. Chem. Soc. XXIX, 1475. 
t Tlie arsenic is in the fonn of soluble sodium arsenate. 
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dish and contents were kept at a bright red heat over a Bunsen burner 
for fifteen minutes and the assay then finished as described. Found, 
arsenic 9.365 per cent, exactly checking my result by the other method. 

10. Method of L. L. Erieckhaus.*—Decompose 0.5 gram of the 
ore with the zinc oxide mixture precisely as described in 9. Receive 
the filtrate in an 8-oz. flask and boH it down to 50 cc. After cooling, 
add 50 cc. of strong hydrochloric add and again cool. Now add 10 cc. 
of a 20 per cent potassium iodide solution (the solid salt would fail to 
dissolve properly in the strong add) and allow a minute for the reac¬ 
tion to become complete, as follows: 

H3ASO4-I-2HI H3As03-{-H20-f-l2. 

This reaction can be made to go completely in either direction, accord¬ 
ing to the conditions, t In the strongly add solution prescribed, it pro¬ 
ceeds from left to right. Now add about 100 cc. of cold water and 
titrate to complete decolorization with a standard solution of sodium 
thiosulphate. No indicator is required, as the end-point is easily 
observed. The thiosulphate solution used in the iodide method 
for copper (Copper, i) may be employed. The copper value multi¬ 
plied by 0-59 will give the arsenic value.^ 

When the solution of the sintered mass, after the decomposition, 
is colored green or pink by manganese, add 5 cc. of alcohol or hydrogen 
peroxide and boil to precipitate the manganese before fiiltiation. 
Chromium, if present, interferes as in the Pearce method. Phos¬ 
phorus does not. 

I have found this an excellent method. The treatment of the fil¬ 
trate is simpler than the procedure of Sprague and Ebaugh, and the 
result quite as accurate. There is the same objection to both methods, 
however, and that is the difficulty of decomposing oxidized lead ores 
so as to form a soluble alkafl arsenate. Acting on Krieckhaus’ idea, 
I have devised the following method, which appears to overcome this 
objection and be suitable in all cases, although I have not had the 
opportunity, as yet, of making naany comparative tests. 

11. Author’s Zinc Oxide Method.—^Prepare a mixture of i part 
sodium carbonate, i part potassium nitrate, and 2 parts zinc oxide. 
To 0.5 gram of the ore in a platinum dish add 5 grams of this mixture, 
and grind intimately together with an agate pestle. Heat the dish 

* Eng. and Min. Jour., Vol. go, 357. 

t E. W. Washburn, Jour. Am. Oiem. Soc., XXX, 31. (Cf. Note 2 to Axseiuc, 2J 
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and contents gradually to dull redness, then to bright redness for per¬ 
haps ten minutes. If a Bunsen burner is used, nearly cover the dish 
with a piece of thin asbestos board to prevent radiation. A porcelain 
crucible and muffle heating may be employed if desired. Cool, dis¬ 
integrate the sintered mass with hot water and filter, washing the 
residue on the filter six or seven times with hot water. Receive the 
filtrate in an 8-oz. flask. Add to the filtrate 6 cc. of strong sulphuric 
acid (this should be an ample excess) and boil to strong sulphuic acid 
fumes. The final heating is best done over a free flame. Allow to 
cool, add 50 cc. of water, heat, if necessary, to effect solution, cool 
again, and add 50 cc. of strong hydrochloric acid. Once more cool 
the slightly warm solution, add 4 cc. of a 50 per cent solution of potas¬ 
sium iodide (this is the usual solution for the iodide method for copper), 
mix and allow to stand about a minute. Now add 100 cc. of cold 
water and titrate with sodium thiosulphate solution as in 10. It is 
best to run a blank and deduct for the drop or so of thiosulphate 
required. Chromium and phosphorus do not interfere, nor does 
any small amount of manganese that may pass in solution through 
the filter. 


1 In the reaction with copper, shown in Copper, 2, it will be observed that 2 
atoms of copper set free 2 atoms of iodine, which are titrated. That is, Cuj=I2, or, 
Cu-I. 

In the Krieckhaus method, the reaction given shows that for every atom of 
arsenic, 2 atoms of iodine are set free to be titral ed That is As=Ij. 

If Cus -L and As “la, then Cua=As, or, with reference to the atomic weights, 
12714 parts by weight of Cu=74.96 parts of As. This gives i part of Cu=o 5899 
parts of As. The figure 0.39, given in the text, is usually sufficiently accurate 

The same figure can be obtained without reference to the reactions quoted, 
except in a general way. Cupric copper is reduced to cuprous and arsenic in the ic 
condition is reduced to the ous condition. The relations between copper and 
arsenic are precisely the same as though we simply considered the oxides. aCuO, 
or, CuaOa - CuaO +0 We may then say, for simplicity, Cua = 0 . 

As206=As 208+08. This gives, in the same way. As*= 0 j, or, As= 0 . Wenow 
have Cu =0 and As= 0 , therefore, Cus=As, which is the same relation we ob¬ 
tained above. 

This simple method of reasoning is of general application in volumetric anal3rsis 
If we know what happens to the constituents under consideration, the writing out 
of extended reactions is unnecessary. 
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1. Method for Ores.—^Decompose 0.5 gram of the ore in a 4-oz. 
Erlenmeyer flask, or a covered beaker, by one of the methods described 
for Insoluble Residue* (xxiv), according to its nature. WTien solution 
is as complete as possible, add a few drops of strong sulphuric acid to 
make sure that all the barium will be rendered insoluble. Dilute the 
mixture with about 50 cc. of water, heat to boiling, and filter, washing 
with hot water. If the ore contains lead, add about 5 grams of 
ammonium chloride before boiling and filtering, in order to retain it 
all in solution.^ Place the filter and insoluble residue containing the 
barium in a platinum dish or crucible and ignite to burn off the filter- 
paper. Mix the cold residue with 3-5 grams of mixed sodium and 
potassium carbonates 2 and fuse for a short time to convert the barium 
to carbonate. After cooling, heat the melt with water until disin¬ 
tegration is complete. If a platinum dish has been used it wiU prob¬ 
ably hold sufficient water for the purpose; a platinum crucible may 
be placed in water in a beaker. Filter, washing with dilute ammonia 
water ® until sulphates are all removed. If desired, the filtrate may be 
tested from time to time by collecting a portion in a test-tube, slightly 
acidifying with hydrochloric acid, then adding a little barium chloride 
solution and warming. When no white predpitate of barium sul¬ 
phate forms the washing is suffidently complete. 

Rinse the more or less impure barium carbonate on the filter, as 
completely as possible, into a small beaker. Some barium carbonate 
will still remain on the filter, and there may also be a little adhering 
in the dish or crudble used for the fusion. Dissolve the latter in 5 cc. 
of strong hydrochloric add and then transfer this to the beaker con¬ 
taining the bulk of the carbonate, covering at once with a watch-gkss 
to avoid loss by spattering. Warm the solution, wash off the cover 
and remove it and then pour the liquid through the filter last used, so 
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as to dissolve whatever barium carbonate was left there. Wash 
beaker and filter with hot water and receive the filtrate in a large beaker. 
Dilute to about 300 cc., heat nearly to boling, and add about 3 cc. of 
strong sulphuric add diluted with suffident water to prevent violent 
action. Cover the beaker, boil a short time, and then allow to stand 
until cold, or, best, over night, to insTire the complete predpitation of 
the barixim sulphate. Finally filter through a double paper and wash 
well with hot water. The predpitate is very fine and is liable to run 
through. The best Swedish or German filters usually give no trouble. 
It is safest to decant carefully through the filter without disturbing 
the predpitate in the bottom until most of the dear liquid is gone, then 
remove the beaker containing the filtrate and replace it with another, 
so that if the baritun sulphate runs through there will be less liquid to 
refilter. Always rub out the beaker with a rubber-tipped glass rod. 
The combined filtrate and washings should be allowed to stand, hot, 
for a while longer, until it is certain that the predpitation is complete. 
The moist predpitate and filter may be ignited together over a Bimsen 
burner in a wdghed platinum or porcelain crudble. The strong heat 
of a blast-lamp should not be employed. The carbonaceous matter 
of the filter may reduce some of the barium sulphate to sulphide, but 
ignition with free access of air will easily effect reojddation. The 
ignited barium sulphate should be perfectly white. The wdght of the 
SaS04 multiplied by 0.657 give the corresponding weight of BaO, 
if the latter is required.^ 

In rapid technical work it is usually sufifident to ignite the barium 
sulphate in a small day “ annealing-cup,” and, when cold, shake and 
brudi it from the cup to the scale-pan for wdghing. 

In smelter practice the barium is usually required to be reported 
as sulphate, and all the barium in the ore is considered as eyis tin g as 
sulphate. 

2. Short Method.—^The following method, thou^ not so reliable, 
win frequently serve for technical purposes: 

Having obtained the insoluble residue, induding the barium sul¬ 
phate as above, ignite it in a small platinum dish to bum off the filter 
paper, and then, after cooling, add a few cubic centimeters each of 
strong hydrochloric and hydrofluoric adds, in the order nampdj and 
evaporate on the water-bath nearly or quite to (hyness. It is best to 
repeat the operation to insure the complete expulsion of the silidc 
add.® Finally, take up in hydrochloric add, dilute with hot water, 
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and filter. Wash the residue well with hot water and then ignite and 
weigh as BaS04 as described above. 

3. Filtering Barium Sulphate.—have found it advisable, even 
with the best papers, to use a double filter. 


1 The ammonium chloride forms a soluble double salt with the lead sulphate. 

s The mixed carbonates are used simply because the mixture fuses more easily 
than either of the single salts. Na2C03+BaS06 —»• BaC03+Na2S04. 

* Barium carbonate is less soluble in water containing ammonia than in pure 
water. 

* Molecular wei^t of BaS04 is 23343 * that of BaO is 153 . 37 * i53*37/233*43 
=* 0 . 657 . 

® Hydrofluoric add decomposes silicates, dissolving the silica, which subse¬ 
quently volatilizes as silicon fluoride, SiF 4 . 
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1. Method for Ores, etc.—^Treat 0.5 gram of the finely ground ore 
in an 8-oz. flask with 6-10 cc. of strong nitric acid, and boil gently, 
nearly to dryness. Add 10 cc. of strong hydrochloric acid, or more if 
necessary, and warm until solution is as complete as possible. Remove 
from the heat and add (cautiously) 8 cc. of strong sulphuric acid. 
With the flask in a holder, boil over a free flame to strong sulphuric 
add fumes. Allow to cool. 

Add 25 cc. of water and boil gently for a short time to insure 
solution of all the bismuth sulphate, then cool under the tap and 
filter, washing with dilute (i : 10) sulphuric add. Do not allow to 
stand long before filtering, or some basic bismuth sulphate may sep¬ 
arate. 

Dilute the filtrate with about 25 cc. of water and pass in hydrogen 
sulphide to saturation. Bismuth, copper, arsenic, antimony, etc., 
are predpitated as sulphides. Filter, washing with hydrogen sul¬ 
phide water. 

Rinse the predpitate as completdy as possible into a beaker, add 
3-4 grams of pure potassium cyanide and warm gently lor some time. 
Bismuth sulphide will remain imdissolved, also cadmium sulphide, if 
present, and any lead (as sulphide) that may not have been removed 
as sulphate. 

Filter through the same filter as before, in order to act upon the 
traces of sulphides that could not be washed into the beaker. Wash 
with hot water. 

Spread out the filter on a watch-glass and rinse off the sulphides 
into a beaker with hot water. To any adhering residue on the filter 
add a little dilute (i : 2) nitric add and warm until dissolved, then 
rinse into the main portion. Add a little strong nitric add to the mix¬ 
ture in the beaker, if apparently necessary, and warm until the bis¬ 
muth is all in solution and the separated sulphur is dean. Dilute 
somewhat and then filter, washing thoroughly with i ; 2 nitric add. 
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Dilute the filtrate, contained in a large beaJcer, to about 300 cc. and 
heat to boiling. Remove from the heat, and, to the hot solution, add 
dilute anunonia (one-tiurd strong ammonia and two-thirds water) 
very cautiously, finally drop by drop, until the free acid is neutralized 
and the liquid remains faintly opalescent. There should not be a 
visible precipitate, but just a faint cloudiness. If the amount of bis¬ 
muth is very small, this point may be difficult to observe, in which case 
drop in a bit of litmus paper, and, working with dilute nitric add and 
dilute ammonia, make the solution just faintly alkaline. Now add 
I cc. of dilute hydrochloric add (i ’3). The opalescent mixture will 
dear for an instant, and then, with an appredable amoimt of bismuth 
present, a white crystalline predpitate of bismuth oxychloride, 
BiOCl, will form. 

Maintain the liquid hot, but not boiling, for about an hour, to 
allow the predpitate to separate and settle, then filter on a weighed 
Gooch filter and wash thoroughly with hot water. 

Dry the residue at 100° C. to constant weight. Multiply the 
weight by BiOCl found, by 0.8017, hJ obtain the weight of the bis- 
muth.i 

2. Instead of predpitating the bismuth as basic chloride, it may, 
in the absence of lead and cadmium, be predpitated as basic car¬ 
bonate, as follows-.2 

Partially neutralize the filtrate from the solution of the bismuth 
sulphide in nitric acid, with ammonia, but without producing any 
permanent predpitate, then add a solution of ammonium carbonate in 
slight excess and heat to boiling. Maintain at a nearly boiling tem¬ 
perature for some time, until the bismuth carbonate has settled well; 
then filter, washing well with hot water. 

Dry the precipitate and transfer it as completdy as possible from 
the paper to a small wdghed porcdain crudble. Birnn the paper 
carefully and add the ash to the predpitate in the crudble. Ignite 
the whole at a low red heat, cool, and wdgh as Bi203. Multiply the 
wdght found by 0.8966 to obtain the wdght of the bismuth.® 

A better procedure, if the amount of the predpitate is small, is to 
dissolve it on the filter with hot dilute nitric add, recdving the filtrate 
in a wdghed platinum dish. Evaporate the fiiltrate to dryness, then 
ignite, gently at fiurst, but finally to bright redness. Wdgh as Bi203, as 
before. 

Also, if the predpitate is large in amount, most of it may, after 
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dr3nuig, be removed to a watch-glass. Dissolve what still adheres to 
the filter as just described, and evaporate the solution to dryness. 
Now add the main portion of the precipitate and ignite as before. 

The oxidation of the bismuth sulphide by nitric add may produce 
some bismuth sulphate, which would cause a slight contamination of 
the basic bismuth carbonate with basic sulphate, and the latter would 
fail to be converted to oxide on ignition. The error thus introduced 
is ordinarily suflSidently small to be negligible in technical work. 


' The molecular weight of BiOCl is 259.46. The atomic weight of the con¬ 
tained Bi is 208. This gives the ratio 208/259.46 =0.8017. 

* The formula for basic bismuth carbonate is given as (BiO)iCOj-l-^HsO 

* The molecular weight of BuOa is 464. The atomic weight of Bi being 208, 
the two atoms contained m the oxide weigh 4r6. This gives the ratio 416/464 = 
0.8966. 


3. Electrolytic Method for Ores.—^The deposition of an adherent 
coating of bismuth on a cathode of the size herein described, and under 
the conditions named, requires that not much more than 0.03 gram of 
bismuth shall be present. This may be regulated either by the amount 
of ore taken for assay or by taking only a portion of the final solution 
of bismuth for electrolysis. The quantity of bismuth present in an 
ore may be roughly judged by the bulk of the BiS precipitate. 

Take 0.5 gram of ore and proceed precisely as described above (i) 
until the separated bismuth sulphide has been dissolved in dilute 
nitric acid and the solution filtered, the filtrate being received in an 
8-oz. flask. Now add 6-7 cc. of strong sulphuric add and boil to 
white fumes over a free flame. Cool, dilute with 25 cc. of water, and 
boil gently until aU the bismuth sulphate is dissolved. No appredable 
amount of lead sulphate should be found. Cool, transfer to the proper 
beaker, and dilute to 100 cc. with cold water. The solution is now 
ready for electroljrsis. The beaker and electrodes may be the same 
as used for copper, as follows. (See chapter on Euectrolysis.) 

Beaker. —^Diameter, about 3 cm.; height, about 8-9 cm. Have a 
mark at the loo-cc. point. 

Electrodes .—^The cathode is a platinum cylinder 5 cm. long and 
2.3 cm. in diameter. This gives a total surface of about 78.3 sq. cm. 
With a current of 0.6 ampere, NDioo =0.76, The weight of this elec¬ 
trode is about 12.3 grams. 
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The anode is a stout platinum wire with a flat spiral base, the 
straight portion of the wire rising out of the center of the base at right 
angles. Its weight is about 8.5 grams. In use the anode is placed 
within the cathode with the base a little below the lower edge of the 
cylinder. 

Arrange the weighed electrodes in the beaker so that the top of the 
cylinder projects a little above the surface of the liquid and cover 
the beaker with the two halves of a split watch-glass. Electrolyze 
with a current of 0.6-0.7 ampere; electrode tension about 2.7-3 volts. 
In li hours remove and wei^ the cathode. To do this, disconnect 
and lift it from the beaker, at the same time washing it with a gentle 
stream of water, and then immerse it in a beaker of water. Lift it 
from this, wash off the water with alcohol, dry at 100® C., cool, and 
weigh. Now dissolve off the bismuth with nitric acid and ignite and 
weigh once more, and then replace in beaker and electrolyze for another 
half hour, when both electrodes may be removed and weighed. A 
slight deposit of Bi206 is usually found on the anode. Calculate this 
to Bi and add the weight to that of the cathode deposit. It is well 
to again clean and replace the electrodes and electrolyze for a while 
longer to be sure of obtaining the last traces of bismuth. Finally, 
test the exhausted solution with hydrogen sulphide water. 

4. In case the bulk of the bismuth sulphide indicates more than 
6 per cent bismuth in the ore, proceed as follows: Dilute the filtered 
nitric acid solution of the bismuth sulphide to 250 cc., adding more 
acid if a basic salt begins to separate, and then continue the analysis 
with a suitable aliquot portion. If the percentage of bismuth is 
approximately known the proper amount of ore may be taken at the 
outset. 

5. Bismuth in Refined Lead.*—^Dissolve 25 grams of the lead, best 
rolled or hammered out thin and cut into small pieces, in a mixture of 
250 cc. of water and 40 cc. of nitric add of 1.42 sp. gr., using a large 
covered beaker. Warm gently until all the lead is dissolved, then 
remove the beaker from the heat and to the hot solution add dilute 
am-mnnia. Strong amm onia and | water), very cautiously, finally 
drop by drop, until the free add is neutralized and the liquid remains 
faintly opalescent There should not be a visible predpitate but just a 
faint doudiness. Now add i cc. of dilute hydrochloric add (i : 3). 
The solution will dear for an instant and then, if any considerable 

♦ Ledoux & Co. 
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amount of bismuth is present, a crystalline precipitate of bismuth 
oxychloride will form. Again place the beaker over the heat so the 
liquid will keep hot but not boil. In an hour the bismuth oxychloride, 
together with a little lead, will have settled. Filter off the precipitate 
and wash it once or twice with boiling water. In addition to bismuth 
and lead, the precipitate may contain some antimony, if any appre¬ 
ciable quantity of the latter is present in the sample. Dissolve the 
precipitate on the filter in a small quantity of hot dilute hydrohcloric 
add (i : 3), wash the filter with hot water and dilute the filtrate with 
water, taking care not to make the liquid so dilute as to cause a precip¬ 
itation of the bismuth as basic chloride. Pass hydrogen sulphide into 
the liquid to predpitate all the bismuth, lead, and antimony as sul¬ 
phides, filter, wash once with water and twice with warm ammonium 
sulphide to dissolve the antimony sulphide, and then, after washing 
once more with water, dissolve the predpitate of bismuth and lead 
sulphides by pladng filter and contents in a small beaker and heating 
with dilute nitric acid (i : 4). Boil so as to thoroughly disintegrate 
the filter-paper and then dilute somewhat with hot water, and filter. 
Wash the filter well, first with a little warm dilute nitric acid (i : 4) 
and then with hot water. Partially neutralize the m’tric add in the 
filtrate with ammom'a, dilute with warm water to a volume of about 
300 cc., and then complete the neutralization and add i cc. of dilute 
hydrochloric add as described above for the original precipitation. 
The bismuth will now come down as basic chloride free from lead. 
Filter on a weighed filter or Gooch crudble, wash well with hot water, 
dry at 100° C., and weigh as BiOCl. This weight multiplied by 0.8017 
will give that of the bismuth. 

6. In the absence of appredable amounts of antimony the predp- 
itation by hydrogen sulphide and subsequent washing with ammo¬ 
nium sulphide may be omitted, as only a small portion of whatever 
antimony is present is predpitated with the bismuth. In this case 
the first predpitate, containing the bismuth and a little lead, may be 
at once redissolved on the filter with warm dilute nitric add (i : 4) 
and the predpitation repeated on the filtrate as described. Copper, 
silver, arsenic, and such amounts of iron as occur in refined lead to not 
interfere. 

7. Bismuth in Lead “ Bullion.”—^The determination of bismuth 
in impure lead or lead bullion may be carried out on the same lines as 
described for refined lead. From 10 to 25 grams may be taken, 
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according'to the presumed or known nature of the material. Anti¬ 
mony may usually be assumed to be present. Proceed with the deter¬ 
mination precisely as described for refined lead (5) up to the point 
where the bismuth, lead, and antimony sulphides are dissolved in hot 
dilute nitric add. Now, instead of finishing the analysis as described, 
it is best to repeat the whole series of operations once more. In this 
way the impurities are more certain to be removed and the BiOCl 
weighed pure. 

8. Eakins’s Method for Bismuth in Refined Lead.'"—In this 
method for the determination of bismuth in refined lead and lead 
bullion the bulk of the lead is removed at the outset by precipitation 
as sulphate from the nitric add solution. In my laboratory this 
method has uniformly given low results as compared to those obtained 
by the method of Ledoux & Co., some of the bismuth apparently being 
precipitated with the lead. A description of the method is therefore 
omitted. 

9. Volumetric Method for Ores.—^The following scheme is based 
on Miller and Frank’s modification of Riderer’s method.f 

Weigh o 5 gram of the ore and proceed as in (i) until the washed 
sulphides of bismuth, etc., are obtained on the filter Place filter and 
precipitate in an 8-oz. flask and heat with 5-10 cc. of i : i nitric acid 
until the separated sulphur is dean and the filter well disintegrated 
Dilute a little and then filter and wash filter thoroughly with a i ■ 2 
nitric add, best with the aid of a filter-pump. To the filtrate add 30 
cc. of a cold saturated solution of tartaric acid, then drop in a bit of 
litmus paper as an indicator and make the solution slightly alkaline 
with potassium hydroxide. Now add suflfident potassium cyanide 
solution to dissolve any precipitate that may have formed (except 
possibly a little bismuth sulphide thrown do-wn by sulphur in the 
cyanide), and then pass in hydrogen sulphide gas to saturation. 
Bismuth sulphide is predpitated; copper, arsenic, antimony, etc, 
remain in solution. Filter and wash ■with cold water. Dissolve the 
bismuth sulphide m dilute nitric add and filter the solution precisely 
as described above. 

10. The filtrate now contains the bismuth as nitrate, together 
■with some free nitric add. It is best to have the excess of the latter 
about 5 per cent. Now add a dedded excess (3 or 4 times the amount 

* Proceedings Colorado Scientific Sodety, Feb., 1895. 

T Jour. Am. Cfiem, Soc., XXV, 926, 
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theoretically necessary for combining with all the bismuth) of the 
ordinary molybdic acid solution used for phosphorus determinations 
(Phosphorus, 7 ).^ There should be no precipitate produced at this 
point. Then add a few drops of Congo-red solution (made by dis¬ 
solving I part of Congo-red in 100 parts of 30 per cent alcohol) and 
slowly run in, with stirring, very dilute ammonia from a burette. 
A white precipitate will form, and finally the indicator will become 
pinir. Next add a few drops of dilute nitric acid, sufficient to change 
the color to lilac Oust neutral). Now dilute, if necessary, to about 
200 cc. and heat slowly on a thick asbestos pad, very hot (60° C.), 
but not to boiling, and stir vigorously. The precipitate of bismuth 
ammonium molybdate (BiNH4(Mo04)2) should coagulate and appear 
like silver chloride, perhaps colored pink by the indicator. It should 
not be yellowish. Filter the hot mixture and wash the precipitate 
thoroughly with a 3 per cent solution of ammonium sulphate.^ If the 
above directions are followed, the precipitation will be complete, but if 
too much nitric acid is added, so that the indicator is turned back to a 
decided blue color, the precipitate does not collect or filter as well, and 
the filtrate may contain traces of bismuth. If the precipitate has a 
yellow color, the results will be unreliable. In such a case, make 
alkaline with ammonia, then add nitric acid tmtil the precipitate 
is dissolved, and repeat the neutralization and heating. It is usually 
unnecessary to add more ammonium molybdate. 

n. Make a mixture of 75 cc. of water and 10 cc. of strong sulphuric 
add. Place a portion of this in a beaker and rinse the predpitate into 
it from the filter as completely as possible. When all is dissolved, 
pour the solution throu^ the filter to dissolve any remaining predp¬ 
itate, and wash with the remainder of the addulated water. Receive 
the filtrate in a beaker. Dilute to about 200 cc. with hot water and 
pour the hot solution through a redactor, predsdy as described in 
Moxtbdenum, 4. Follow the directions there given to the end of the 
titration with standard potassium permanganate solution. 

A blank riiould be run through the redactor. Dilute 10 cc. of 
sulphuric add with water and then continue the dilution to 200 cc. 
wiffi hot water. Run this throu^ the redactor and titrate as before. 
Note any slight correction thus obtained and deduct it from the 
regular reading of the burette. 

Multiply the Fe value of i cc. of the permanganate solution 
by 0.621 to obtain the Bi value.® 
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^The compound that would be formed is bismuth ammonium molybdate, 
BiHN 4 (Mo 04 'i 2 . 2M0O8 in this compound correspond to Bi, or, considering the 
atomic weights, 208 parts by weight of Bi = 288 parts of M0O3. This gives i part 
Bi-1.385 parts MoOa 

The molybdic acid solution referred to contains approximatdiy 100 grams of 
M0O3 in 200 cc. I cc. =0 05 gram. 

0.5 gram of ore was taken for analysis, i per cent =0.005 gram, i part of Bi 
requires, as above, 1.385 parts of M0O3; therefore o 005 gram, or i per cent, would 
require 0.00642 gram of M0O3. This the theoretical amount required by i 
per cent of Bi in forming the above compound. The text requires three or four 
times this amount to be used. Four times 0.00642=0.02568, or, roughly, 0.025 
gram. This is the quantity contained in | cc. of the molybdic solution. Accord- 
ingly, for every assumed per cent of bismuth in the ore, i cc. of the molybdic acid 
solution should be used. 

2 This is to prevent the precipitate from hydrolyzing and running through the 
filter. 

® This is shovm as follows: The formula BiNH 4 (Mo 04)2 indicates that M02=Bi. 
In the titration, M02O3 is oxidized to M02O6 Therefore, Mo 2=03 In the iron 
titration, 2FeO, or, Fe 202 , is oxidized to Fe^Oa Therefore, Fe 2 = 0 , or, Fee=03 
It follows that Fee=M02=Bi. Then, from the atomic weights, 335 04 Fe = 208 Bi. 
or, I part by weight of Fe =0.622 parts by weight of Bi. 
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I. Method for Ores—To 0.5 gram of the ore in an 8-oz. flacV 
add 10 cc. of strong hydrochloric acid and 5 cc. of strong nitric acid. 
Boil until any sulphides present are decomposed and the acid is per¬ 
haps half expelled. If oxides still remain, continue to heat with addi¬ 
tion of hydrochloric acid until solution is as complete as possible. 
Finally, add about 6 cc. of strong sulphuric acid and boil, best over a 
free flame, mtil fuming copiously. Cool, add about 25 cc. of water, 
heat to boiling, and allow to stand, hot, for a short time, to insure 
the solution of anhydrous iron sulphate, etc. Then cool, filter off the 
insoluble residue (including any lead sulphate), and wash with cold 
dilute sulphuric add (i : 10). Dilute the filtrate to about 200 cc, 
add 10 grams of ammonium sulphate ^ and pass in hydrogen sulphide 
gas to saturation. Filter off the predpitated sulphides and wash with 
dilute hydrogen sulphide water slightly addulated with hydrochloric 
add. Rinse the precipitate from the filter into a beaker as completely 
as possible, using no more water than necessary, place the beaker under 
the funnel and pour through the filter a strong cold solution of pure 
potassium cyanide. Agitate the beaker so as to mix the liquids and 
use no more cyanide solution than necessary to dissolve the soluble 
copper sulphide, etc., that may be present. If no bismuth or lead is 
present (any lead should have been practically all removed as sul¬ 
phate) the cadmium sulphide will now appear yellow or orange.* 
Filter the mixture through the same filter as before. If it runs through 
turbid, return it through the filter until dear. Wash well with dilute 
hydrogen sulphide water. The cadmium sulphide has a tendency to 
pack on the filter and impede filtration. If possible, wash it loose 
each time, and the washing will then proceed much more rapidly. If 
the washed predpitate appears appreciably discolored, indiVa ting bis- 

’When predpitated from sulphuric add solutions, unless very weak in add, the 
cadmium sulphide is orange-colored rather than pure yellow. 
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muth, proceed as in 2, below. If clean and yellow or orange, dissolve 
it by pouring through the filter hot dilute (i : i) hydrochloric acid, 
using as little as possible. If the volume of the filtrate is not too large, 
receive it in a large weighed porcelain crucible; otherwise collect it in 
a beaker and transfer it to the crucible in small portions at a time. 
Place the crucible and contents on a water-bath and evaporate the 
solution of cadmium chloride to complete dryness. Now cover the 
crucible and add a slight excess of dilute sulphuric add. When 
spattering has ceased, remove and rinse off the cover and continue the 
evaporation as far as possible on the water-bath. Finally, remove 
the excess of sulphuric add by cautiously heating over a free flame 
until no more fumes are evolved. Avoid heating higher than neces¬ 
sary. It is best to place the crucible within a larger one fitted inside 
with an asbestos ring, so that the crudbles do not touch. Or, the 
crudble may be supported on a day triangle on a small iron sand- 
bath containing no sand, so that it just fails to touch the bottom. 
When the fumes have ceased to come off, cool and weigh the crudble 
and contents. The cadmium sulphate, CdS04, should be pure white 
and soluble in water without residue. Its weight multiplied by 0.5391 
will give the weight of the cadmium, from which the percentage may be 
calculated.® 

2. If the cadmium sulphide, after treatment with potassium 
cyanide, appears dark-colored, bismuth or lead (possibly mercuiy) 
may be present. Place the moist predpitate and filter in an 8-oz. 
flask and add 10 cc. of strong hydrochloric add and the same amount 
of water. Boil the mixture until the cadmium sulphide is aU dis¬ 
solved, the hydrogen sulphide expelled, and the filter well disinte¬ 
grated. Any dark insoluble residue apparently free from cadmium 
may be neglected. Dilute with 25 cc. of hot water and filter, washing 
thoroughly with hot water. Dilute the filtrate somewhat, add sodium 
carbonate in slight excess and then i or 2 grams of potassium cyanide. 
Digest for some time at a gentle heat and filter. Wash with cold 
water. Bismuth and lead remain on the filter as carbonates. Pass 
hydrogen sulphide through the filtrate, diluted if necessary. This 
should predpitate pmre yellow cadmium, sulphide unless mercury is 
present, which is rarely the case. Filter, wash with hydrogen sulphide 
water containing several grams of ammonium nitrate (to prevent 
running through), and then dissolve in hydrochloric acid and fi nish 
as described above. 
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* The presence of a large amount of ammonium sulphate is essential for good 
results in precipitating cadmium with hydrogen sulphide from a sulphuric acid solu¬ 
tion. 

* The molecular weight of CdSO< is 208.46. This corresponds to a single atom 
of cadmium, having an atomic weight of 112.4. The ratio, then, is 112.4-*-208.46 
■=0.5391. 


3. Electrolytic Method. — Cadmium can be separated electro- 
lytically in a satisfactory manner from its solution in various elec¬ 
trolytes. Its alkaline double-cyanide solution is perhaps as good as 
any, if not the best electrolyte. The method may be applied to an ore 
as follows: 

4. Treat i gram of the ore by the methods previously described 
until a solution of the chloride or sulphate is obtained, free from the 
other members of the hydrogen sulphide group. The solution should 
be evaporated if necessary, so as to have the volume well below 100 cc. 
Add a drop or two of phenolphthalein solution and then pure sodium 
or potassium hydroxide solution until a permanent red color is 
obtained. Now add cautiously a strong solution of pure potassium 
cyanide until the precipitated cadmium hydroxide is completely dis¬ 
solved, avoiding an excess. Dilute to 100-12 5 cc. and, using the same 
beaker and electrodes as for copper (Copper, 15), electrolyze with a 
current of NDioo =0.04 to 0.06 A. and V. =2.9-3.2. Keep the solution 
at a temperature of about 60° C. In four to six hours the deposition 
is usually complete. Test by raising the level of the liquid slightly 
and noting if any deposition occurs on the clean platinum surface 
during half an hour or so. When the operation is ended, disconnect 
and remove the electrode, wash it with hot water, then with alcohol, 
and finally dry it at 100° C., cool, and weigh. 

It is a good plan to replace the electrode in the solution and elec¬ 
trolyze for another half hour. The electrode should first be cleaned 
with nitric add, then washed, ignited, and again weighed. If desired, 
the solution can be tested with hydrogen sulphide. As this may pro¬ 
duce a yellow color in the cyanide solution, even in the absence of 
cadmium, it is best to first addify with hydrochloric add (under a 
hood) and then heat until all the hydrocyanic add is expelled. 

5» Treadwell,* using the same electrolyte, recommends electro¬ 
lyzing in the cold for five to six hours with a current of o.s-0.7 ampere 

• Treadwell’s Analytical Chemistry (Hall), II, 2d Ed., p. i66. 
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and an electromotive force of 4.8-5 volts. At the end of this time the 
current is increased to from 1-1.2 amperes and the solution is elec¬ 
trolyzed for one hour more. Treadwell states that unless the current 
is increased toward the end of the operation, the cadmium will not be 
all deposited at the end of twelve hours. If the stronger current 
is used from the beginning, some of the metal is liable to be deposited 
in a spongy form, resulting in a possible loss in washing. 

6. Smith * describes the deposition of cadmium from its sulphate 
solution. The neutral solution is acidified with 3 cc. of sulphuric 
add of 1.09 sp. gr. and diluted to 125 cc. Lily G. KoUock f found 
that with such a solution, maintained at C., with NDioo =0.078 
ampere and volts = 2.61, the deposition was complete in five hours.J 

7. Cadmium in Ores and Hue Dust.—(Method of Omaha Plant 
of Am. Sm. & Ref. Co.)—^Treat the material as in i until after the first 
filtration. If the filtrate is likely to contain any copper or bismuth, 
boil with suffident sodium thiosulphate to predpitate them as sul¬ 
phides and filter, washing with hot water. Neutralize the filtrate 
with ammonia and then readdify with sulphuric add to an excess of 
about r cc. of the strong add. Dilute to about 100 cc., or, if the bulk 
of the filtrate already somewhat exceeds this volume, dilute to 200 cc. 
and add an additional cubic centimeter of sulphuric add. Now heat 
to boiling and pass in hydrogen sulphide to saturation. Filter, wash¬ 
ing precipitate with hydrogen sulphide water. (The filtrate may be 
analyzed for zinc by boiling off the hydrogen sulphide, oxidizing the 
iron with a little nitric add, adding 10 grams of ammonimn chloride 
and continuing according to the “ Alternate Method " as described 
under Zinc.) Wash the predpitated cadmium sulphide off the paper 
into the original beaker with dilute hydrochloric add. Add 5 cc. 
hydrochloric add and boil. 

Continue by either of the following procedures: 

A. As soon as the cadmiiun sulphide is in solution, filter off the 
insoluble arsenious sulphide. Neutralize the filtrate with ammonia 
and then just bring it back with hydrochloric add. Titrate hot with 
the usual standard potassium ferrocyanide, predsely as for anc. 
Standardize the solution for cadmium against C. P. cadmium sulphate. 

B. Boil until the solution is reduced to a volume of about 10 cc. 

* Electrodiemical Analy^s. 

t Jour. Am. Chem. Soc., XXI, 925. 

t See Edgar F. Smith’s Electto-Analyss for rajad method, using rotating electrode. 
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Filter into a weighed platinum shell and then evaporate cautiously 
almost to dryness. Add ^ cc. of strong sulphuric acid and continue 
Tipating until fuming strongly. Now continue the healing cautiously 
until the fuming ceases. Finally increase the heat to low redness for 
about four minutes. Avoid overheating. Cool and weigh as cadmium 
sulphate. 

8. Cadmium in Spelter.*—Dissolve 25 grams of the sample in a 
No. 4 beaker in a mixture of 34 cc. of strong sulphuric acid and 250 cc. 
of water. In the case of very pure zinc it may be necessary to add a 
few drops of very dilute platinum chloride solution from time to time, 
to hasten the action. The above amount of acid is approximately 
12.5 cc. more than is required to dissolve 25 grams of zinc, and there¬ 
fore about 12.5 cc. of free acid will remain in the solution. Lead, 
copper and probably a small amount of cadmium remain undissolved. 
Pay no attention to the flocculent residue, but be sure that all the zinc 
is dissolved. 

9. Add 15 grams of solid ammonium sulphate to the warm liquid, 
and pass in hydrogen sulphide for ten minutes.! Allow to stand, 
warm, for half an hour and then again pass in hydrogen sulphide for 
ten minutes more. All the cadmium will be precipitated as sulphide, 
which will be mixed with considerable zinc sulphide, together with lead 
and copper. Filter through a i2.s-cm. paper and wash three or four 
times with warm water. The filtration is rather slow but proceeds 
steadily enough if a good column is established in the fimnel stem. 
Return the precipitate, paper and all, to the beaker in which the pre¬ 
cipitation was made, add 10 cc. of strong sulphuric acid and 10 cc. of 
strong nitric acid. Cover the beaker and heat it until sulphuric acid 
fumes are given off. Remove the beaker from the source of heat and 
to the hot, but not strongly fuming, liquid add a few more cubic cen¬ 
timeters of strong nitric acid. Again boil to fumes. 

Repeat the addition of nitric add as above, until the paper is 
completely consumed. This usually requires about three additions 
of the add with intermediate fuming, the whole operation taking 
about three-quarters of an hour. It is important that the paper be 
completely oxidized. 

10. Cool the solution, dilute to 200 cc. with cold water, then boil, 
cool and allow to stand until the lead sulphate settles. Filter off the 

*Ledoux& Co.,N. Y. 
t Cf. Notes to I. 
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lead sulphate and wash it once or twice with dilute sulphuric add 
(i : 20). The liquid now contains about 10 cc. of sulphuric add in 
200 cc. Add 10 grams of ammonium sulphate and pass hydrogen 
sulphide into the warm solution exactly as before. Cadmium comes 
down as sulphide practically free from zinc. Filter through a 9-cm. 
paper and wash the predpitate three or four times with warm water. 

11. Treat paper and predpitate in a No. 2 beaker with 5 cc. of 
sulphuric add and 5 cc. of nitric add, evaporating to fumes. Add 
nitric add as before to the hot liquid, and again evaporate, repeating 
this procedure until the paper is destroyed. Now cool, add 5 cc. of 
cold water and evaporate to fumes. Do this a second time. These 
last evaporations are to make certain of the expulsion of all nitric add. 
The work should be done in a place free from heavy nitric fumes, since 
the presence of even a trace of nitric add in the solution interferes with 
the subsequent electrolysis of the cadmium 

12. Add 2$ or 30 cc. of water to the sulphuric add residue, and 
heat until all soluble salts are dissolved. Cool, neutralize the excess 
of free sulphuric add with ammonia (using litmus paper as an indi¬ 
cator) and then add 4.5 cc. of i : 2 sulphuric acid. This gives a solu¬ 
tion containing 1.5 cc. of free sulphuric add. Dilute with water to 
125 cc. and electrolyze (preferably overnight) using a current of 
o.i ampere, 2.6 volts, to about 10 sq in. of cathode surface (one 
side). The cathodes are perforated platinum cylinders, 2^ in. high 
by in. in diameter. Under the conditions given, cadmium is pre- 
dpitated free from zinc, even if a trace of zinc rranains in the solution. 
Copper also comes down with the cadmium. After wdghing the 
cathode, dissolve the deposited metal in a few drops of nitric add, 
dilute, boil, cool and make alkaline with ammonia. Dilute to 10 cc. 
and compare the color with a similar solution containing a known 
amount of copper. The two or three tenths of a milb'gram of copper 
usually present may be dosely estimated in this way. 

13. If the laboratory is not equipped with electrolytic apparatus, 
cadmium may be determined by wdghing as sulphate. Since two 
predpitations with hydrogen sulphide, as described above, may not 
remove all the zinc (and will not unless the work is done with great 
care), a third predpitation with hydrogen sulphide should be made. 
This is unnecessary when the electrolytic method is used, because 
under the conditions given a small amount of zinc will remain in the 
electrolyte. 
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Wadi the cadmium sulphide from the third precipitation with 
wann water, and then dissolve it in hot dilute nitric acid. Evaporate 
the solution to smaller bulk, cool, if necessary, and add 0.5 to i cc. of 
sulphuric acid. Evaporate to dryness in a weighed porcelain crucible, 
and finally ignite at a low temperature to constant weight. The 
resulting CdSO^ is likely to contain copper. The copper should be 
estimated colorimetrically, calculated to CuSOi and deducted.* 

Note that the presence of a large amount of ammonium sulphate 
is ftss ejitM to good results in precipitating cadmium with hydrogen 
sulphide from sulphuric acid solutions. The proportions of acid and 
water are also important in getting clean separations. Those given 
above should be strictly adhered to. 

* The amount of copper present will probably not exceed two or three tenths of a 
milligram. Dissolve the residue in the crucible by warming with a little nitric acid, 
transfer the solution to a test-tube, make ammoniacal to develop the blue color due to 
copper, and dilute to about lo cc. Prepare a copper solution of known strength as fol¬ 
lows: Dissolve exactly loo mg. of pure copper foil in nitric acid, dilute somewhat, add 
an excess of ammonia and then make the solution up to loo cc. i cc i mg. of copper. 

From a burette, run some of this solution, say i cc., into a tcbt-tubc similar to the first. 
Dilute to the same height as the liquid in the first test-tube and compare the color. 
Repeat the test with different amounts of the prepared copper solution, until the color of 
the first test-tube is matched. From the amount of the prepared copper -olution required, 
calculate the copper used. Calculate this to CUSO4 and deduct the weight from the 
weight of the impure CdS04 before calculating the Cd. 

Example .—Suppose 1.8 cc. of the prepared copper solution were used. This=0.0018 
gram of copper. Atomic wt. of Cu=63 57 Mol. wt. of CuS04~ 159.63. Now use the 
proportion 63.57 : 159.63=0.0018 : n:. iir=o.oo452. This is the weight of CuS04 cor¬ 
responding to 0.0018 gram of Cu. Deduct this from the weight of the CdS 04 , as found, 
and calailate the balance to Cd See note to Cadmium i. 

By igniting at a very low temperature the copper sulphate present is simply dehy¬ 
drated, leaving CUSO4. At a high temperature this would be changed to CuO. 
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1. Ores, etc.—The calcium is usually required as CaO. Treat 
o.s gram of the ore in an 8-oz. flask with whatever acids are best suited 
to decompose it. Begin ordinarily with lo cc. of strong hydrochloric 
acid and heat gently. If sulphides are present, add 5 cc. of strong 
nitric acid (after the oxides are dissolved) and boil gently until decom¬ 
posed. If the decomposition is perfect, sulphuric acid is tmnecessary, 
but with ores I usually add 5 cc. at this stage. In any case, boil until 
most of the free acid is expelled, over a free flame if sulphuric acid has 
been used. Allow to cool, if necessar}% add about 100 cc. of water 
and 5 cc. of strong hydrochloric acid, heat until the salts are dis¬ 
solved and then filter (never omit this if there is any appreciable 
amount of insoluble residue), washing with hot water. To the filtrate 
add 2 cc. of a saturated solution of potassium dichromate (this may be 
omitted if lead is absent *), 15-20 cc. of saturated bromiae water (to 
precipitate manganese), and then a very slight excess of ammonia.^ 
Cover the beaker and boil xmtil all free ammonia is expelled. Allow to 
settle somewhat and then filter through an ii-cm. filter and wash 
thoroughly with hot, dilute ammonium chloride solution^ (5 grams to 
500 cc.). If lead chromate runs through, return the first portions. 
If the precipitate shows much manganese® it is always well to test the 
filtrate by adding more bromine water and ammonia and boiling a 
short time. If any manganese comes down, filter it off, it being 
usually unnecessary to expel the excess of ammonia as before. Wash 
with the dilute ammonium chloride solution. 

The above procedure renders the usual double precipitation of 
the iron entirely unnecessary. The usual retention of lime by iron 
appears to be due to the formation of calcium carbonate, by the 

* Lead unquestionably interferes, although but slightly. An ore containing 30 per 
cent lead and about 16 per cent CaO gave results about 0.25 per cent high when the lead 
was not removed. Lead may also be removed as sulphide, as described in Magnesium, i. 
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absorption of carbon dioxide from the air in the presence of free 
ammonia, and this does not occur if the ammonia is expelled previous 
to filtration. A neglect to filter off the insoluble residue before the 
iron precipitation will usually produce a low result. I am unable to 
state the reason. 

2. Make the filtrate from the iron strongly ammoniacal, heat to 
boiling and add an excess of ammonium oxalate solution. This 
should be added in sufficient amount to convert all possible calcium 
and magnesium to oxalates (the magnesium oxalate remaining in solu¬ 
tion). Thirty cubic centimeters of a saturated solution should be suf¬ 
ficient in any case. It is best to dilute it somewhat and add it boiling 
hot. Boil the mixture about ten minutes, allow to stand hot and 
settle, and then filter through an ii-cm. filter and wash ten times with 
hot water. For more exact work allow to stand overnight. 

The mode of procedure now depends upon whether the ore contains 
much or little magnesium. In the former case the calcium oxalate is 
almost sure to contain an appreciable amoimt of magnesium oxalate 
and should therefore be purified. Unless the amount of magnesium 
is known to be insignificant, it is always safest to proceed as follows: 

3. Without troubling to wash the precipitated oxalate more than 
once, rinse it from the filter into a beaker. What little remains adher¬ 
ing to the filter may usually be neglected if the same filter be employed 
for the next filtration of the oxalate. Heat the mixture in the beaker 
and then dissolve the oxalates by the addition of as little hydrochloric 
acid as possible. Dilute to about 50 cc. with hot water, make alkaline 
with ammonia, and add about 10 cc. of the ammonium oxalate solu¬ 
tion. Boil the mixture for about ten minutes, allow to stand, hot, 
until settled, and then filter through the last filter. Wash at least ten 
times with hot water, to remove every trace of ammonium oxalate. 

When little or no magnesium is present, the first precipitate of 
calcium oxalate will be sufficiently pure and will require only thorough 
washing with hot water.* 

4. In a 400-cc. beaker prepare a mixture of 5-7 cc. of strong 
sulphuric add and about 125 cc. of water. Drop the filter and 
predpitate into this and heat to about 70° C. Stir to effect the decom¬ 
position of the caldum oxalate, but avoid disintegrating the filter. 
Titrate the hot solution with standard potassium permanganate solu¬ 
tion. Under the conditions named, the filter-paper will exerdse 

* Hiis is the Tisual practice in all cases in ordinary lead-smelter work. 
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practically no influence on the result, and while the final pink tinge 
will gradually fade, there will be no difi&culty in noting a sharp end¬ 
point. Multiply the number of cubic centimeters of permanganate 
required, by the percentage value in CaO of i cc, to obtain the per 
cent of CaO in the ore. 

5. The permanganate solution used for iron determinations 
(Iron, 2) wiU serve for this titration. The iron factor multiplied 
by 0.5023 will give the CaO factor. This is because the same amount 
of oxygen from the permanganate is required to oxidize the nyaliV 
acid in the calcium oxalate corresponding to i mol of CaO, as is 
required to oxidize zFe from the ferrous to the ferric condition. That 
is, zFe are equivalent to i CaO or 111.68 parts of Fe to 56.07 parts of 
CaO, which is the same as i part Fe to 0.5023 part CaO.^ 

6. For the CaO determination, however, it is best to standardize 
the permanganate directly against pure oxalic acid.* Weigh about 
0.2 gram of the crystals and dissolve in an 8-oz. fla-sk in a prex-iously 
prepared mixture of 5-7 cc. of strong sulphuric acid and 125 cc. of 
water. Heat to about 70° C. and titrate to a faint pink tinge with the 
permanganate solution. The first portion of permanganate will not 
be decolorized instantly, but when once the decolorization has begun, 
it will thereafter occur quickly until the end. 

Divide the weight of oxahc acid taken by the number of cubic 
centimeters required. This will give the oxalic acid value of i cc. 
of the permanganate. Multiply this figure by 0.4444 to obtain th e 
value of I cc. in CaO, expressed in grams. This last factor is obtained 
as follows: 56 07 parts of CaO require 126 148 parts of ciy’stallized 
oxalic acid to form calcium oxalate. Accordingly, i part of mraliV 
acid is equivalent to 0.4444 part of CaO. Of course, in Ae CaO deter¬ 
mination, aU the oxalic acid titrated is derived from the decomposition 
of the calcium oxalate by the sulphuric acid. 

Having determined the value of i cc. in grams of CaO, the percent¬ 
age value on the basis of 0.5 gram of ore taken is easily calculated. 

Example .—^Took 0.2163 gram of oxalic acid. Used 38.66 cc. 
of permanganate. 0.2163-5-38.66=0.005594. This is the weight of 
oxalic acid to which i cc. of the permanganate is equal. Multiplying 

* Sorenson’s Salt (sodium oxalate, NasCsO^) is to be preferred to oxalic add, because 
its purity is probably greater Mol. wt oxalic aad,H2Cs04-2H20=126.058. NajCj04= 
134.01. I 063 Sorensen’s Salt=i oxalic add. NasCs04 multiplied by o4i84=CaO. 
Personally, I have found C. F. oxahc add' to be more reliable than the usual “C. P.” 
sodium oxalate. 



64 


CALCIUM 


by 0.4444, we have 0,002486, the value of i cc. in grams of CaO, or 
I cc. =0.4972 per cent on the basis of 0.5 gram of ore taken. 


^ Bromine is an oxidizing agent. Manganous salts in neutral, ammoniacal or 
acetic add solutions are oxidized by it to form Mn02, which, being insoluble under 
these conditions, is predpitated. MnO + aBr +HsO MnOs+aHBr. 

* Ammonium chloride is used to render any caldum carbonate, which may be 
present, more soluble. Caldum carbonate might be formed either from ammo¬ 
nium carbonate present in the ammonia used, or by the absorption of carbon 
dioxide from the air. 

* Indicated by the predpitate, if bulky, being of a much deeper brown than the 
color of pure ferric hydroxide. 

* The formula for caldum oxalate is CaCsOi HaSO* acts on this to form CaSOa 
and set free oxalic add, HjCjOa. The permanganate oxidizes this lo form carbon 
dioxide and water; HsCj 04 + 0 —»2C0s+H!0. iCa, correspondmg to CaO, is 
combined in r caldum oxalate, equivalent to i oxalic acid i oxalic acid requires 
I oxygen, as above. Therefore, 0 = CaO. 

In the oxidation ofironaFeO, or Fej0j,-h0=Fe204. ThenO = 2Fe. Accord¬ 
ingly, Fes=CaO, or ixi.68 Fe=s6.o7 CaO 

This gives Fe, multiplied by 0.3023 = CaO. 


7. Silicates aud Substances Not Decomposed by Acids.—These 
are decomposed, as described under Silica, either by immediate fusion 
with alkali carbonate or by acid treatment, followed by fusion of the 
insoluble residue. The nature of the substance will determine these 
points precisely as in the case of silica. When the solution eventually 
obtained contains considerable silicic acid, it is best to render it insol¬ 
uble by evaporation and filter it off. A small amount of silicic acid 
may be neglected. The clear hydrochloric acid solution finally ob¬ 
tained, containing aL the calcium, is treated as described above (i). 

8. “Available Lime” in Ores Containing Calcium Fluoride.— 
Some of the western smelters regard the calcium contained in calcium 
fluoride as of no value as a flux, claiming that it passes through the 
furnaces unaltered, without combining with the fluxes used. In 
paying for the lime in an ore, only that which is not combined with 
fluorine is taken into consideration and is called “ available lime.” 
The method used for determining this portion is not strictly correct, 
since if an ore contained much caldum sulphate or silicate, at least 
some of the CaO thus combined would probably fail to be reported 
as “ available.” As a technical method, however, in regular use, it is 
sufSdently satisfactory and is therdore given herewith. 



THE PERCENTAGE OF CALCTOM FLUORIDE 


65 


9. Take 0.5 gram of the ore in an 8-oz. flask, moisten with water, 
add 5 cc. of 80 per cent acetic acid, and boil nearly to pastiness. Take 
up in about 30 cc. of equal parts of 80 per cent acetic add and water 
and boil gently for a few minutes. To remove lead, which is frequently 
present, add 2 cc. of a saturated solution of potassium dichromate just 
previous to this last boiling. Filter, washing with hot water. To the 
filtrate add about 20 cc. of saturated bromine water and then (cau¬ 
tiously) make alkaline with ammonia and heat to boiling. It is 
generally best to now add more bromine water and continue the 
heating for a short time to make sure of the precipitation of all man¬ 
ganese. Finally, boil off aU the free ammonia, allow to settle some¬ 
what, and filter and wash as in the regular method (i). Test the fil¬ 
trate for impredpitated manganese if apparently necessary', as de¬ 
scribed for the regular method. Make the final filtrate strongly ammo- 
niacal, heat to boiling, predpitate the caldum as oxalate, and finish 
the determination exactly as described for the regular method. 

This will give all the CaO contained in the ore as carbonate and 
also as sulphate, unless the latter is in large amormt. Caldum 
combined as fluoride or silicate remains practically undissolved by 
the acetic add. The silicate is usually small in amount and the 
caldum so combined is, in fact, regarded as no more “ available ” 
than that existing as fluoride. 

10. The Percentage of Calcium Fluoride may be determined 
with fair accuracy as follows: Place about 3 grams of powdered 
anhydrous sodium sulphate in a small platinum dish, mixing in also a 
little potassium nitrate, if redudble metals are likely to be present. 
Lay the filter and residue from the above acetic add treatment upon 
this mixture, and ignite gently until the paper is fairly well burned off. 
Now cool and add 5-6 cc. of strong sulphuric add. Heat carefully, 
to avoid spattering, first to strong fumes, and then to a melt, if pos¬ 
sible. If the mass solidifies at the end, without melting, cool sufid- 
dently, add a little more sulphuric add and heat again. This will 
usually effect complete decomposition of the fluoride, even if the mass 
is not completdy melted. Allow to cool, cover the dish and dissolve 
the cake by warming with suffident water, addulated with 5 cc. of 
hydrochloric add. Transfer the solution to the original flask, first 
filtering, if there is an appreciable amount of insoluble residue. Dilute 
to about r5o cc. with hot water, and proceed with the usualde termi¬ 
nation of CaO as described in r, at the same point. Multiply the 
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percentage of CaO found by 1.393 obtain the percentage of 
CaF2. 

11. Rapid Volumetric Determination of CaO in Limestone, Cement, 
Lime, Blast-furnace Slags, etc.*—^The following rapid method for the 
determination of CaO is applicable to materials in which the calcium 
is present either as oxide, carbonate, or silicate, and is dependent on 
the fact that calcium can be completely precipitated as oxalate in 
solutions containing free oxalic acid, while iron, aluminum, and mag¬ 
nesium cannot. 

12. Decomposition of the Sample.—For high-grade limestones, that 
is, those which when burned do not give a hydraulic lime, weigh 0.5 
gram into a platinum crucible, cover and ignite for five minutes over a 
Bunsen burner, and then for five minutes over the blast-lamp. This 
heating must be cautiously carrried out, as magnesian stones arc likely 
to fly out if heat is applied too suddenly. Start the ignition over a low 
Bunsen flame and gradually raise until the full heat is attained, then 
continue for five minutes and follow with a blast-lamp. Empty the 
contents of the crucible into a 500-cc. beaker and add 40 cc. of dilute 
(i ; i) hydrochloric acid; heat, and when solution of the sample is 
complete proceed as in 13. 

For cement rock or hydraulic limestones, weigh the sample as 
before and carefully mix with it J gram of finely ground sodium car¬ 
bonate, by stirring with a glass rod. Brush off the rod into the crucible 
and ignite over a Bunsen burner, starting with a low flame and grad¬ 
ually raising it until the full heat is attained. Continue heating for 
five minutes longer and then ignite over the blast for the same length 
of time. Place the crucible in a 500-cc. beaker and decompose the 
sintered mass in the crucible with 40 cc. of dilute (i : 4) hydrochloric 
acid, keeping the beaker covered to avoid loss by effervescence. Heat 
until solution is complete and proceed as in 13. 

For cement, pass the sample through a loo-mesh screen, weigh 
0.5 gram into a dry 500-cc. beaker and add, with constant stirring, 
20 cc. of water. Break up the lumps, and when aU the sample is in 
suspension except the heavier particles, add 20 cc. of dilute (i : i) 
hydrochloric add and heat until solution is complete. This usually 
takes five or ten minutes. Proceed as in 13. 

Many slags are soluble in concentrated hydrochloric add. When 
this is the case, weigh 0.5 gram into a 500-cc. beaker, stir up with a 
♦ From paper by Ridiard K. Meade, Chemical Engmeer, Vol. i, p. so. 
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very little water and add so cc. of strong hydrochloric add and heat. 
When solution is complete, proceed as in 13. 

13. The Determination.—Carefully add dilute ammonia (sp. gr. 
0.96) to the solution of the sample until a slight permanent predpitate 
forms. Heat to boiling and add 10 cc. of a 10 per cent solution of 
oxalic add. Stir until the iron and aluminum hydroxides are entirely 
dissolved and only a slight predpitate of caldum oxalate remains. 
Now add 200 cc. of boiling water and suffident (20 cc.) saturated solu¬ 
tion of amm onium oxalate to predpitate the caldum. Bod and stir 
for a few moments, remove from the heat, allow the predpitate to 
settle, and filter on an ii-cm. filter. Wash the predpitate and paper 
ten times with hot water, using not more than 10 or 15 cc. of water 
each time. Remove the filter from the funnel, open and lay against 
the sides of the beaker in which the predpitation was made, wash 
from the paper into the beaker with hot water, add dilute sulphuric 
add (4), fold the paper over and allow to remain against the 
walls of the beaker. Heat to 80® C. and titrate with standard potas¬ 
sium permanganate (5) until a pink color is obtained, now drop in the 
filter-paper, stir until the color is discharged, and finish the titration 
carefully, drop by drop. 

r4. The permang ana te is best standardized for this determination 
by means of pure caldte or Iceland spar, as this does away with 
imcertain factors and also with the error introduced by the solubility 
of calcium oxalate. The procedure, which is as follows, is that recom¬ 
mended by the Committee of the Lehigh Valley Section of the Amer¬ 
ican Chemical Society; 

Make up potassium permanganate solution by taking 6 grams of 
the salt to i liter of water; let stand a few days before standardizing. 

Weigh out 0.5 gram of powdered caldte into a 400-cc. beaker; 
add roo cc. of water and ro cc. of hydrochloric add (r : r); boil 
gently tmtil aU carbon dioxide is e^eUed, and when completely dis¬ 
solved make alkaline with ammonia and add, little by little, 20 cc. 
of boiling-hot saturated solution of ammonium oxalate; continue 
boiling for fi,ve minutes; let settle, filter, wash, transfer predpitate 
to original beaker (13); dissolve in dilute sulphuric add and titrate 
with Ae permanganate as in the determination of caldum. 

15. Note on the Foregoing Method.—^In this method lead appears 
to interfere more or less, bringing the results hi^; it is therefore 
not so suitable for ores in general as the longer method first givai. 
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CHLORINE 

1. Mohr’s Volumetric Method.—The chloride solution should 
be cold and neutral. If acid, it should be neutralized with pure sodium 
or calcium carbonate in slight excess. To the cold neutral, or faintly 
alkaline solution contained in a porcelain casserole or evaporating- 
dish add I cc. of a 2 per cent solution of neutral potassium chromate. 
Titrate with a N/io solution of silver nitrate until a permanent faint- 
red tinge is obtained, due to the formation of silver chromate. This 
compound cannot exist permanently in the mixture until aU the 
chlorine has been precipitated as silver chloride. The mixture should 
be well stirred after each addition of silver nitrate, which toward the 
last should be added only drop by drop. As the faint reddish tinge 
is somewhat difficult to distinguish, various schemes have been pro¬ 
posed to facilitate its detection. I have found it a good plan, when the 
end-point is apparently attained, after reading the burette, to pour 
ofiE half the liquid into a similar casserole and then add i more drop 
of the silver nitrate solution to one casserole and note if the two por¬ 
tions of the liquid now show any difference. When such a difference 
can be detected, the end-point has certainly been reached and it is 
usually safe to accept the reading of the burette taken previous to the 
last drop. For accurate work a blank test should be made on the 
same volume of liquid to see how much silver solution is required to 
produce a tint when no chloride is present, md this amount must be 
deducted from that used in the analysis. Multiply the number of 
cubic centimeters used, by 0.003545, to obtain the w aigh t of the 
chlorine present, or by 0.00585 for the weight of the corresponding 
sodium chloride. 

2. The standard N/io silver nitrate solution for the above titration 
may be prepared as follows: Heat pure silver nitrate to 120® C. for 
ten minutes, then cool and weigh 16.994 grams, dissolve in water and 
dilute to 1 liter. One cc. =0.003545 gram of chlorine, or 0.00585 gram 
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of sodium chloride. Of course, any other weight of silver nitrate can 
be taken, and the corresponding value of the solution obtained by cal¬ 
culation. 

3. Chlorine in Salts and Liquids Containing Organic Matter and 
Sulphides .—Solutions Required : i /lo normal silver nitrate. Approx¬ 
imately i/io normal ammonium thiocyanate. For ammonium thio¬ 
cyanate take 8 grams per liter; or, for potassium thiocyanate, take 10 
grams per liter. Standardize the thiocyanate against the silver solu¬ 
tion, as described below, to obtain the value of i cc. in silver solution. 

Indicator solution of ferric ammonium sulphate. Make a strong 
solution and add sufficient nitric add to remove most of the brown 
color. 

Procedure: Take 200 mg. of the salt, or an equivalent amount of 
the liquid. Place in an 8-oz. flask and dilute to about 50-75 cc. Add 
dilute nitric add in moderate excess and boil a minute or two. Now 
run in the silver solution from a burette until sure of a slight excess, 
and then boil the nnixture until the silver chloride settles well on short 
standing. Cool completely, add a few cubic centimeters of the ferric 
indicator, and titrate with the tliiocyanate solution to a faint brownish 
tint. Note the amount of thiocyanate used, calculate its value in 
silver solution and deduct this from the amount of silver solution used. 
The remaining silver solution is the amount required to form silver 
chloride with the chlorine in the salt or liquid taken, and from this all 
necessary calculations can be made, as in i. 

In standardizing the thiocyanate, simply run 25-30 cc. of the silver 
solution into a flask, dilute to about 75 cc., add some ferric indicator 
and titrate in the cold to a faint color, shaking well, especially toward 
the end, after each addition of thiocyanate. 

Precipitated AgCl does not interfere with the thiocyanate titration 
if it has been weU coagulated by boiling. If allowed to remain in an 
opalescent or cloudy condition it will quickly decompose the slight 
excess of thiocyanate that causes the end-reaction color. The color 
win disappear repeatedly as more thiocyanate is added and will pre¬ 
vent a correct determination of the md-point. This is because silver 
thiocyanate is more insoluble than silver chloride. 
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CHROMIUM 

Methods are given below for the determination of chromium in 
iron ores, chrome-iron ore, and steel. These will include most of the 
cases likely to be met by the metallurgical chemist. 

I. Method for Iron Ores with Small Amoimts of Chromium.’''— 
Fuse I gram of the very finely ground ore with a mixture of 5 grams of 
sodium carbonate and 0.5 gram of potassimn nitrate in a platinum 
crucible or small dish. After fusion, extract the melt with hot water 
and transfer the mixture to a small beaker. If the solution is colored 
by manganese, add a little alcohol and warm the mixture. This will 
precipitate the manganese as dioxide. Allow the precipitate to settle 
and note the color of the clear solution. If chromium is present it will 
be more or less yellow. If quite colorless, chromixim may be con¬ 
sidered absent. Filter the mixture, washing with water, and dry and 
ignite the insoluble residue on the filter. Now grind it with ten times 
its weight of sodium carbonate and a little potassium nitrate, fuse the 
mixture and extract with water, etc., as before. Filter and add the 
filtrate to the former one. Acidify the combined filtrates with hydro¬ 
chloric add and evaporate to dryness to render the silica insoluble and 
reduce the chromic add to Cr203. Take up in hydrochloric add, 
dilute, and filter. Predpitate the Cr203 and AI2O& in the filtrate 
with ammonia. Boil for a short time, filter, and wash weU with hot 
water. Dry and ignite the predpitate and then fuse it with as little 
sodium carbonate and potassium nitrate as possible. Extract the 
melt with water and transfer the mixture to a platinum dish. Evap¬ 
orate the liquid until it is very concentrated, adding crystals of 
ammonium nitrate from time to time to change aU the carbonated 
and caustic aDrali to nitrate. Each addition of the ammonium nitrate 
produces an effervescence and ammonium carbonate is given off. 
The solution finally becomes almost syrupy and sm elk faintly of 
* Mainly from Blair. Chemical Anal, of Iron. 
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anunoma, the addition of ammonium nitrate no longer causing an 
effervescence. Now add a few drops of ammonia and filter from the 
precipitated alumina, aluminum phosphate, manganese dioxide, etc. 
The filtrate contains the chromium as alkali chromate. Add an excess 
of a strong solution of sulphur dioxide, which changes the color of the 
solution from yellow to green. Boil well, add an excess of ammonia, 
boil again for a few minutes, filter on an ashless filter, and wash thor¬ 
oughly with hot water. Dry and ignite the precipitate and weigh 
as Cr203. Multiply the weight by 0.6842 to obtain that of the chro¬ 
mium.* 

2. Method for Chrome Iron Ore.—Grind the ore in an agate mortar 
to the finest possible powder. Weigh 0.5 gram into a spun-iron cru¬ 
cible of about 20-25 capacity. Add about 5 grams of sodium 
peroxide and mix thoroughly with a glass rod. Good sodium peroxide 
is of a yellowish color. Reject any that is white, as it has become 
decomposed. Holding the crucible with tongs, heat over a Bunsen 
burner. The operation requires careful watching. Only a low red 
heat is necessary, but as the mass is slow in fusing, one is apt to heat 
the bottom of the crucible to bright redness. When this happens the 
peroxide is likely to attack the crucible and perforate it If care is 
taken, and the crucible is tipped from side to side, the mass gradually 
softens and becomes liquid around the sides. Now give the crucible a 
rotary motion, never allowing the temperature to become much higher 
than a low red heat, until aU unfused material, floating in the center, 
has liquefied like the rest. When the rotary and tipping movements 
have been continued for several minutes more, the operation may be 
considered finished. If manipulated as described, the same crucible 
should serve for many fusions; otherwise the crucible and analysis 
may easily be ruined. 

3. Have ready a 4-inch porcelain casserole containing about f in. 
of cold water, or somewhat less than the height of the crucible. Set 
the partially cooled crucible carefully in this, avoiding the entrance of 
any water. Cover the casserole, and, as soon as apparently safe, insert 
a glass rod under the cover and upset the crucible. The contents 
win quickly boil out and disintegrate without any further heating. 
When the action is over, remove and rinse the cover, lift out the cru¬ 
cible on the rod and wash the outside with cold water. Now, holding 
the crucible with the fingers, similarly rinse out the inside. Again 

*152 . 104=1 : X. «= o 6842. 
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replacmg the cover, heat the mixture to boiling and then boil gently 
for ten minutes by the watch. This is to make certain that all the 
peroxide present is decomposed. If the volume of liquid gets low, 
add hot water. Remove from the heat, dilute somewhat with cold 
water, and then lift the edge of the cover and quickly add about $ 
grams of ammonium carbonate. The dilution and cooling are to 
lessen any possible effervescence. The ammonium carbonate neu¬ 
tralizes a portion of the sodium hydroxide and renders the solution 
less likely to destroy a filter. It must not be added, however, imtil 
the sodium peroxide has been decomposed by boiling, as otherwise some 
ammonium nitrite would be formed that would subsequently cause a 
high result. As soon as the ammonium carbonate has dissolved, the 
mixture is ready for filtration. 

4. Filter, washing several times with hot water. The filtration is 
best done with the use of a Witt’s plate and suction, in which case 
four washings are usually sufiSdent. 

The filtrate now contains the chromium as sodium chromate. 
Transfer it to a flask of about a liter capadty and cool under the tap. 
Have ready some cold i : 1 hydrochloric add. Pour this into the 
chromium solution very cautiously (on account of effervescence) until 
the latter is plainly add. This is usually shown by the change of 
color from yeUow to orange.* If the color change is not apparent, 
litmus paper may be used, but not left in the solution. Now add about 
25 cc. more of the same r : i add, dilute if necessary to 300-400 cc., 
and see that the solution is perfectly cold. It is now ready for the 
titration. 

5. If potassium iodide be now added, the chromic add present 
will liberate iodine,^ which is then titrated with a standard solution of 
sodium thiosulphate.® Allow about i gram of potassium iodide for 
every 20 per cent of chromium possibly present. Never use less than 
I gram. More may be added at the end of a titration, as a test, and 
the titration continued on any additional iodine set free, without 
vitiating the final result. It is convenient to employ a 50 per cent 
solution of potassium iodide with a short 2-cc. pipette in the bottle. 
After adding the potassium iodide, titrate at once with the standard 
thiosulphate until the brown color of the iodine has become faint. 

* Neutial diramate is changed to dicfaromate: 

s(KsO. C*Oj)-|-2Ha-»KsO-Cr»0.+2K.a-l-HiO. 
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Now add a few cubic centimeters of starch solution (Copper, 3) and 
continue the titration cautiously, until a single drop completely dis¬ 
charges the last trace of color produced by the starch and leaves the 
solution a dear, pale green or bluish-green tint if there be much 
chromium present. The end-point is very sharp, and without care 
is very easily passed. Multiply the number of cubic centimeters of 
thiosulphate used, by the percentage value for chromium of i cc. to 
obtain the result. 

If the end-point be passed, add potassium permanganate of any 
strength, drop by drop, from a burette, counting the drops, until the 
blue color is restored.® Again finish the titration and note the burette 
reading; then add the same number of drops of permanganate as 
before, and once more finish with the thiosulphate and note reading. 
Deduct this additional amormt of thiosulphate from the prewus 
reading to obtain the true reading for chromium. 

6. The thiosulphate solution used for copper may be employed (see 
Copper), in which case the copper value multiplied by 0.2727 will 
give the chromium value. This solution is inconveniently weak when 
there is much chromium present, requiring over 3 cc. for i per cent. 
With a solution containing about 36 grams of thiosulphate per liter, 
I cc. will equal about 0.5 per cent of chromium, on the basis of starting 
with 0.5 gram of ore. To preserve the solution add about 4 grams of 
sodium hydroxide per liter (see Copper, 1). Standardize with per¬ 
manganate, as described in Copper, 4, using at least 40 cc. of the 
permanganate. The previously determined Fe value of r cc. of the 
permanganate multiplied by 0.3 ro5 will give the Cr value. That is, 
if I cc. = r per cent of iron, it will be equivalent to 0.3105 per cent of 
chromium, or, r cc. will liberate as much iodine as 0.3105 per cent of 
chromium. Titrate the iodine liberated, which is equivalent to the 
determined amoimt of chromium, with the thiosulphate, to obtain 
the value of r cc. of the thiosulphate in chromium. 

The thiosulphate solution may also be standardized against 
potassium dichromate; 0.283 grams of pure potassium dichromate are 
equivalent to exactly 20 per cent of chromium, on the basis of 0.5 
gram of ore taken for assay. Wei^ this amount of the dry powdered 
salt and transfer to a flask of about a liter capacity, add about 400 cc. 
of cold water and about 30 cc. of r : i hydrochloric acid. Cool under 
the tap, add 2 grams of potassium iodide and titrate with the thio¬ 
sulphate. Divide the 20 pa: cait of chromium present by the number 
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of cubic centimeters of thiosulphate used, to find the percentage value 
of I cc. _ 

1 The reaction between chromic acid and potassium iodide is, CrOs+ 6 HC 1 +3KI 
—»CrCl3+3KCl+3H20+l3. According to the reaction, i Cr requires 3O, or, 
52 parts by weight of Cr require 498 06 parts of KI. One per cent of Cr, or 0.005 
gram, would then require o 04789 gram of KI. Twenty per cent would require 
0.9578 gram of KI, or, roughly, i gram. 

2 The reaction between sodium thiosulphate and iodine is, 2(Na3S203)H-2l 
2NaI+Na2S406. Sodium iodide and tetrathionate are formed. 

2 Potassium permanganate, like chromic acid, is an oxidizing agent and lib¬ 
erates iodine from potassium iodide in the same way. Leaving out the concurrent 
reactions, which are all included in the complete reaction shown in Note i, above, 
the oxidation of the KI may be shown as follows: 2 KI-i -0 =K20+l2. Of course 
this reaction does not take place by itself, but only in the proper chemical environ¬ 
ment. 

* In the case of copper (see Copper, 2 ), Cu=I. The above reaction in Note i 
shows that Cr^L; accordingly, 3Cu = Cr, or, from the atomic weights, 190 71 
Cu=52 Cr. This gives i Cu=o.2727 Cr. 

® The reaction in Note 3 shows that 0 ==I2. The reaction in Note i shows that 
Cr=l3. Then Oa^Ie and Cr2=Ifl, making Cr2=03 Now when a ferrous salt is 
oxidized, the FeO is changed to Fe208, that is, 2FeO, or Fe202,4*0=*Fc203. This 
makes Fe2=0 and Fea^Oa. Comparing this with the Cr ratio for 0 , we have 
Fe6=Cr2, or, Fes = Cr. By weight, then, 167 52 Fe = 52 Cr, or i Fe=o3io5 Cr. 


7. Another Method for Chrome Iron Ore.—^While I personally 
prefer the method just described, I formerly employed the following, 
adapted from Blair.* 

Proceed exactly as in 2, 3 and 4 of the previous method, and then 
continue as follows: 

8. Acidify the filtrate with dilute sulphuric acid (i : 4) and then 
add a considerable excess—25 cc. or more. After allowing the solution 
to cool, transfer it to a battery-jar (such as that used for iron titra¬ 
tions (Iron, 7) and dilute to 700 cc. with cold water. 

9. The chromium in the solution now exists as chromic acid. It is 
determined by reduction with ferrous ammonium sulphate. A weighed 
amount of the powdered salt, in excess of what is actually required, is 
added, and the exact excess is determined by titrating it with standard 
permanganate, the balance being what was consumed by the chromic 
acid, A basis for calculating the chromium is thus obtained. The 
regular permanganate used for iron may be employed. It should 

* Chemical Anal, of Iron. 
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have been carefully standardized against Sorensen’s salt or oxalic 
acid (see Iron, ii) and then calculated to iron. 

10. The reduction and titration of the chromium solution are 
carried out as follows: 

Place several grams of the powdered and well-mixed ferrous salt 
in a weighing-bottle and carefully weigh the whole; then add the 
salt gradually, in small portions, to the chromium solution, while 
stirring, until the yellowish color has apparently entirely disappeared. 
Now, with the burette filled to the zero mark, run in a little of the 
permanganate. If it is decolorized on stirring, the iron salt is in 
excess, otherwise more iron salt should be added until a plain excess is 
attained. The permanganate used in testing coimts as part of the 
whole used in the titration. Determine the amount of the excess of 
iron salt by running in more permanganate imtil the first perceptible 
permanent change of tint is observed. This gives a more accurate 
end-point than titrating to a noticeable pink tint, since the green color 
of the reduced chromium tends to neutralize a faint pink. Now re¬ 
weigh the bottle of ferrous salt and note the total amoimt used. The 
next step is to determine the value of i cc. of the permanganate in the 
ferrous salt used, as the latter is seldom pure Add about 1.5 grams 
more of the ferrous salt to the titrated solution, again re-weighing the 
bottle to determine the exact amount taken. Refill the burette and 
again titrate to the same end-point as before. This will show the value 
of I cc. in this particular ferrous salt. Apply this value of the per¬ 
manganate to the previous titration in determining the excess of fer¬ 
rous salt. 

11. The a m ount of ferrous salt consumed by the chromium has 
been arrived at by deducting the excess found from the total quan¬ 
tity taken in the chromium titration; it is now necessary to know 
the percentage of purity of the ferrous salt. This may be calculated 
from the last titration. The permanganate, as standardized for iron, 
will show, from the cubic centimeters required for the weight of iron 
salt taken, the true percentage of ferrous iron in the iron salt. It 
should be 14.24 per cent if the salt is pure. The figure found is usually 
lower and its percentage of 14.24 should be calculated. This may 
be considered as the percentage of purity of the salt. Apply this 
correction to the weight of iron salt consumed by the chr om i um 
before calculating the latter. 

12. To reduce 52 parts of chromium in chromic add to Cr203,167.52 
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parts of ferrous iron are required; or i part Fe =0.3105 parts Cr.* 
Ferrous ammonium sulphate (FeS04(NH4)2S04+6H20) contains 
14.24 per cent of ferrous iron; therefore i part of the salt=0.04421 
parts of chromiiun. Accordingly, multiply the corrected weight of 
the salt consumed by the chromium by 0.04421 to obtain the weight 
of the chromium sought, or by 0.06462 to obtain that of the Cr203. 

13. Method for Steel, f—^This method is based upon the well- 
known fact that chromic salts can be oxidized completely to chromic 
add by the addition of potassium chlorate to a concentrated nitric 
add solution, and also upon the fact that the presence of nitric add 
does not interfere with the titration of chromic add in a cold solution 
by means of ferrous sulphate and permanganate. 

Wdgh 3 grams of steel into a 400-cc. flask, add 35 cc. of strong 
hydrochloric add, and boil for five or ten minutes, which will be 
formd suffident to dissolve completely even the highest chrome-steels. 
When most of the hydrochloric add is boiled off, add 150 cc. of strong 
nitric add and continue the boiling until no more brown fumes are seen 
at the mouth of the flask, showing that the hydrochloric add has all 
been driven off. Remove the flask from the flame or hot plate, allow 
to cool for two or three minutes, and then add 10 grams of potassium 
chlorate in crystals. It is best to allow the solution to cool somewhat 
before adding the chlorate, in order to diminish the violence of the 
effervescence due to the action of the chlorate on the chromic salts. 
Replace on the hot plate and boil down to about 40 cc. in order to com¬ 
pletely decompose the potassium chlorate. It is necessary to decom¬ 
pose the chlorate completely, or results wiU be from o.i to 0.2 per cent 
high, but the amount of nitric add left in the solution is unimportant. 
At this stage the chromium will all be in the solution in the form of 
chromic add. Any manganese will be predpitated as dioxide, and 
generally some oystals of potassium nitrate arising from the decom¬ 
position of the chlorate will have separated out. Add 100 cc. of water 
and a few drops of hydrochloric add. This will at once dissolve the 
manganese dioxide without action on the chromic add. Boil the 
solution for a few minutes to remove the chlorine set free by the 
reduction of the manganese dioxide, and then cool to room tem¬ 
perature. Make the cold solution, contained in a battery-jar, up to 

* See Note 5 to preceding method. 

t From paper read by A. G. McKenna before the Chemical Section, of the Engineers* 
Society of Western Penni^lvama, June 18,1896. 
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700 cc. 'with cold water, and add a weighed excess of ferrous ammonium 
sulphate, as described in 10, above. Finally, titrate the excess of ferrous 
salt with permanganate and calculate the result as in 11,12. 

In very many chrome-steels the amount of manganese is so inap¬ 
preciable in comparison with the chromium that for practical results 
it is not necessary to dissolve the dioxide as described above, but the 
solution after the evaporation to 40 cc. may be diluted and titrated at 
once. 

14. R^id Method for the Determination of Chromium in Chrome 
and Chrome-nickel Steel.*—Dissolve i gram of the steel by warming 
in a large covered beaker with 25 cc. of the add mixture described 
below. When solution is complete, remove from the heat and add 
about 15 or 20 cc. of cold water. Rotate the liquid in the beaker and 
drop in at once about i gram of sodium bismuthate and continue to 
rotate the mixture for a few seconds. Now heat to boiling and boil- 
rapidly. The permanganate formed by the sodium bismuthate will 
be rapidly decomposed and there will remain a dear violet liquid 
(manganic metaphosphate). Further boiling will complete the con¬ 
version of the chromium to CrOs. 

Decompose the excess of manganic metaphosphate with | cc.. or 
more h necessary, of dilute hydrochloric add and boil one minute. 
Cool somewhat, dilute to 200 cc. with cold water, add a sli^t excess of 
ferrous ammonium sulphate (as in 10) and titrate ■with permanganate. 
Calculate the result as in ii, 12. 

The end-reaction is very sharp, the results are accurate and an 
analysis can be completed in ten minutes. The method has not yet 
been tested in presence of tungsten and molybdenum. 

Add mixture for dissolving the steel: 

300 cc. nitric add, 1.42 sp. gr. 

300 cc. sulphuric add, i part add, 3 parts wator. 

300 cc. water. 

100 cc. phosphoric add, 85 per cent, 
grams manganese sulphate. 

* N. M. Randall, Mining Science, LXI, 56 . 
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Dttmng the many years that the iodide method for copper has been 
used in my laboratory it has been constantly studied, and from time 
to time slightly modified, xmtil it is now the most accurate practical 
method for ores with which I am acquainted. 

While the accuracy of the electrolytic method cannot perhaps be 
exceeded, the electrol3dic method as actually carried out in some 
laboratories is liable to give erroneous results, principally owing to 
the failure to remove interfering impurities found in many ores. The 
proper removal of these impurities is apt to be quite tedious and to 
involve considerable manipulation, tending to cause loss. I therefore 
give the iodide method the preference in most cases, as being more 
practical and nearly if not quite as accurate as the electrolytic at its 
best. 

1. Iodide Method .*—A standard solution of sodium thiosulphate is 
required. Make up a solution containing about 19.5 grams of the 
pure crystals to the liter.^ To prevent decomposition by CO2, also 
add about 4 grams of sodium or potassium hydroxide per liter. This 
win not interfere with either the copper or the lead titration. The 
solution is best kept in an amber glass bottle. Under these condi¬ 
tions it is very stable. 

The thiosulphate solution may be standardized as follows: 

2. Weigh carefully about 0.2 gram of pure copper-foil and place in 
an 8-oz. flask (Whitall Tatum Co., pear-shaped) f- Add, best from a 
small pipette, 5 cc. of strong nitric acid (sp. gr. 1.42) which will quickly 
dissolve the copper. Dilute the solution a little and boil to expel the 
red fumes. Now dilute to about 40 cc. and add ammo nia in slight 
excess. Again boil until the ammonia odor is faint and then add a 
marked excess of glacial acetic add and continue the boiling for about a 

* Author's modification. 

11 usually refer to this as a ‘‘copper flask.” 
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minute longer. This last boiling is important, as it effects the neu¬ 
tralization or expulsion of any remaining oxidizing compounds that 
would cause a return of the blue color ^ter titration. See that no 
copper salt remains undissolved. Cool to room temperature and add 
6 cc. of a 50 per cent solution of potassium iodide, or 3 grams of the 
solid. Cuprous iodide will be precipitated and iodine liberated 
according to the reaction, 

2(Cu. 2C2H302) -f-4KI -> CU 2 l 2 + 4 (K.C 2 H 302 ) -i-2l. 

The free iodine colors the mixture brown. Titrate at once with the 
thiosulphate solution rmtil the brown tinge has become faint and then 
add sufficient starch solution to produce a marked blue coloration. 
Continue the titration cautiously until the last faint lilac tint is 
entirely removed by a single drop. In the case of an ore, the presence 
of lead or bismuth may change the color of the final tint, but the end¬ 
point is equally sharp, especially if the last few drops of thiosulphate 
are allowed to fall into the center of the slowly rotating liquid, and any 
change from the surrounding surface noted. One cubic centimeter of 
the thiosulphate solution will be found to correspond to about 0.005 
gram of copper, or about i per cent in the case of an ore where 0.5 gram 
has been taken for assay. The reaction between the thiosulphate and 
the iodine is 

2 (Na 2 S 203 )-f- 2 l—> 2NaI-|-Na2S40o. 

Sodium iodide and tetrathionate are formed. 

3. Improved Determination of End-point.—With low-grade cop¬ 
pers the end-point is very sharp, but with high-grade material the 
large amount of precipitated cuprous iodide usually possesses a faint 
purplish tinge that is indistinguishable from the last traces of color due 
to the starch iodide. The addition of a little dilute silver nitrate solu¬ 
tion (say I cc. of a solution of 100 mg. of silver nitrate in 100 cc. of 
water) will cause the precipitation of a small amount of silver iodide, 
the slight yellowish color of which will neutralize the purplish tinge of 
the cuprous iodide, and thus render the end-point of the starch solution 
appreciably sharper. 

4. Usual Method of Standardizing the TbioSulpliace.—In the 
method of standardizing previously described, pure copper-foil is 
used. This is usually difficult to obtain, necessitating a determina¬ 
tion of the actual copper value of the foil used. This trouble is avoided 
by the equally accurate snd much shorter method of standardization 
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as follows: Place about loo cc. of cold water in an 8-oz. flask. Add 
about 5 cc. of glacial acetic acid, and then run in from a burette about 
35 cc. of the ordinary permanganate solution used for iron (Iron, a). 
Now add 6 cc. of 50 per cent potassium iodide* solution and titrate 
with the thiosulphate solution while the permanganate burette is 
draining. When near the end, add a little starch solution and finish 
the titration carefuUy. The end-point is very sharp, no silver nitrate 
being necessary. If the end-point is accidentally passed, add a little 
more permang ana te and repeat. Finally, read both burettes. Mul¬ 
tiply the Fe percentage value of i cc. of the permanganate by 1.139 
to obtain the copper value.® Multiply this by the number of cubic 
centimeters of permanganate used, and divide the result by the number 
of cubic centimeters of thiosulphate required. This gives the per¬ 
centage value of r cubic centimeter of the thiosulphate in copper. All 
the figures are based on the assumption that 0.5 gram of material has 
been taken for determination. 

5. Starch Solution.—^The following solution is the result of per¬ 
sonal experiment: Make a cold saturated solution of commercial 
sodium chloride in distilled water and filter it. To 500 cc. of this 
solution add 100 cc. of glacial acetic acid and 3 grams of starch. 
Mix cold. Boil until nearly dear, about two minutes. Add a little 
water to replace that lost by boiling, perhaps 25 cc. A true solution 
of all the starch is thus obtained. No fiiltering or settling is required 
and the solution may be cooled and used at once. It keeps indefinitely 
and gives sharper end-points than the ordinary starch liquor. 

6. Treatment of an Ore.—^To 0.5 gram of the ore in an 8-oz. flask 
add ro cc. of strong hydrochloric add and 5 cc. of strong nitric add. 
Boil until decomposition is complete, using more of the acids if neces¬ 
sary (and enough at the end to hold all soluble salts in solution), and 
then add 8 cc. of strong sulphuric add and boil to abundant fumes, 
best over a free fliame, but do not boil oflF much of the sulphuric acid.t 

After cooling, boil with about 30 cc. of water for a moment and then 
allow to stand, hot, until any anhydrous ferric sulphate has entirely 
dissolved; then filter through a 9-cm. filter to remove more espedally 
■aa}'dead aflphate. Reedve the filtrate in a beaker about 6-cm. in 
diameter. Wash the filter and residue at least six times with hot water. 

* 50 grams of El dissolved in water mad diluted to xoo cc. 

t If impure sulphur s^arates, it is best dcsned by aUowing the strong sulphuric add 
to continue just at a boil (so as not to evaporate macbl for some tune. 
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Tte final volume of the filtrate will ordinarily not much exceed 75 cc. 
Place in the beaker a piece of stout sheet aluminum about an inch and 
a half square and with the alternate comers bent in opposite directions 
for about a quarter of an inch, so as to prevent the plate from lying 
flat on the bottom. (The same aluminum may be used repeatedly 
as it is but little attacked each time.) 

7. Cover the beaker and heat to boiling. After boiling about ten 
minutes the copper should be all precipitated, if the volume of the 
solution did not much exceed 75 cc. As a test, inject a little hydrogen 
sulphide water from a wash-bottle through the lip of the beaker. If 
more than a faint brown color is produced, boil longer, until the solu¬ 
tion clears by coagulation of the precipitate, and again test. Do not 
boil to very small bulk, as some of the precipitated copper might then 
redissolve. Add water, if necessary, to prevent this. The hj'drogen 
sulphide test will finally become negative, or show only a faint brownish 
tinge. Now remove from the heat and wash down the cover and sides 
of the beaker with hydrogen sulphide water. This will prevent any' 
of the finely divided copper from becoming oxidized and dissolved and 
■will also precipitate any traces of copper that may' still remain in solu¬ 
tion. (It should be understood that there is no difficulty in precip¬ 
itating all the copper as metal in every' case.) 

Decant through a 9-cm. filter (using a loop funnel by' preference), 
and then, without delay, rinse the copper into the filter with a jet of 
hydrogen sulphide water, leaving the aluminum, as clean as possible, 
in the beaker. Traces of adhering copper will be recovered later. 
Wash filter and precipitate six times •with hy'drogen sulphide water. 
Allow to drain completely each time; but never permit the filter to 
remain drained a single moment, until the washing is finished, or 
copper may oxidize and run through. 

8. Now place the original clean flask under the funnel, then open 
the filter carefully and spread it smoothly in the funnel, against one 
side. With a jet of hot water, using as little as possible, wash the 
precipitate into the flask. If it is apparently too bulky to pass easily 
through the funnel, proceed as follows: Support the paper, scoop¬ 
shaped, in the hand, over the flask, and wash in the main portion of the 
precipitate, then replace it in the funnel, with the flask underneath, 
and wash in the remainder. 

Pour 5 cc. of strong nitric add over the aluminum in the beaker, 
shake it about so as to dissolve any adhering copper, and then pour 
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from tlie beaker over the filter, still retaining the aluminmn. in. the 
beaker. Without washing beaker or filter at this stage, collect the 
filter into a small compass with a glass rod, and push it gently, with 
moderate compactness, into the apex of the funnel. Level the top of 
the mass, but avoid compressing so tightly as to greatly impede filtra¬ 
tion. Next, remove the flask and replace it with the beaker. 

Boil the mixture in the flask to dissolve the copper and expel the 
red fumes. If the liquid is too dilute, so that the copper fails to 
dissolve immediately, continue boiling until solution of everything is 
complete, including any copper sulphide present. Finally, again 
place the flask rmder the fimnel. Now pour over the filter 5 cc. or 
more of saturated bromine water, or enough to impart a distinct color 
to the liquid in the flask. The bromine cleanses any residue still 
adhering to'the filter, but its most important function is to insure 
the highest state of oxidation of any arsenic or antimony in the solu¬ 
tion.® Now wash the beaker and aluminum with hot water, pouring 
through the filter, then wash the filter six times. The final volume in 
the flask need not much exceed 50-60 cc. 

Boil the solution until the excess of bromine is entirely expelled 
and the volume is reduced to perhaps 25 cc. Cautiously add a small 
excess of ammonia, to the boiling liquid, allowing it to rim slowly 
down the side of the flask (usually 10 cc. or a little more). Boil off 
most of the excess, that is, until the odor is faint. Now add $ cc. of 
glacial acetic acid and boil for about a minute more. This last boiling 
is very important, as it tends to remove the last traces of oxidizing 
compounds that might cause a return of the blue color at the end of the 
titration. Cool completely under the tap. 

Dilute to about 30 cc., if necessary, add potassium iodide in the 
porportion of 2 cc. of a 50 per cent solution for every 15 per cent of 
copper assumed to be present, but never less than 2 cc. in any case, 
and titrate with standard sodium thiosulphate solution as described 
for the standardization. Multiply the cubic centimeters of thiosul¬ 
phate required by the percentage value of i cc. to obtain the result. 

9. It is best to boil off as much of the free ammonia as possible, 
before acidif3dng with acetic add, in order to avoid the formation 
of too much a mmo nium acetate, which has a retarding effect on the 
reactions of the subsequent titration. The point cannot be told, if 
much copper is present, by the absence of an ammoniacal odor, as the 
blue copper-ammonium salt gradually decomposes and gives off 
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ammonia. It is usually best to add the add when the smell of ammo¬ 
nia has become rather faint. Boiling too long does no hann unless a 
bluish deposit forms on the flask. This may be copper arsenate or 
hydroxide, which frequently dissolves with great difficulty in acetic 
add. Always look for this deposit before adding the acetic add, and, 
when observed, cautiously add enough ammonia to dissolve it, o.gaui 
boiling off any great excess. A predpitate of any nature, due to over¬ 
boiling, which does not deposit on the flask, will usually do no harm, 
and the copper contents will be subsequently tahen up by the add. 
A light-colored flocculent predpitate, sometimes observ'ed in the acetic 
add solution, perhaps aluminum hydroxide, is ordinarily without 
effect. If the cooling, before titration, causes the separation of crj's- 
tals of copper acetate, they should be redissolved by warming with a 
little more water and the solution again cooled. 

10. Notes.—^According to the equation previously given, 0.5 gram 
of copper requires 2.61 grams of potassium iodide. WTiile direct 
experiment shows this to be apparently true, yet when only the the¬ 
oretical amount of potassium iodide is present the reaction is slow, 
and in fact does not appear to proceed to completion until during the 
titration, which is thereby unduly prolonged. It is always best, 
therefore, to use an excess, but as the iodide is expensive the quantity 
used should be governed by the amount of copper present, which can 
always be estimated approximately. Allow, say, 1 gram of potassium 
iodide for every 15 per cent copper, when 0.5 gram of ore is taken for 
assay. It is convenient to prepare a solution containing 50 grams of 
potassium iodide in 100 cc. A 2-cc. pipette will thus deliver i gram of 
the salt. No error will be introduced in a doubtful case by adding 
more potassium iodide after the titration is apparently finished and 
resuming the operation if the blue color is thereby restored. 

11. Zinc and silver do not interfere with the assay. Lead and 
bismuth are without effect, except that by forming colored iodides 
they may mask the approach of the end-point before adding starch. 
Arsenic and antimony, under the treatment described, have no influ¬ 
ence. Tke return of the blue tinge in the titrated liquid after long 
standing is of no significance, but a quitk return, which an addi¬ 
tional drop or two of the thiosulphate does not permanently destroy, is 
usually an evidence of faulty work. 

12. In such a case it is not necessary to begia the determination 
anew. The foUowing procedure will permit a repetition of the titra- 
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tion: Add lo cc. of strong nitric acid and heat the mixture to boiling. 
Heat very cautiously at first until the iodine set free is mostly expelled; 
otherwise the mixture may foam over. Now manipulate the flask 
in a holder over a free flame and boil the solution down as rapidly as 
desired until only about 5 cc. are left. Dilute with 25 cc. of hot water 
and boil again for a short time to expel any red fumes. Now add a 
slight excess of ammonia and finish in the usual manner.^ 


1 At the rate of 19.53 grams per liter, i cc. of the solution will theoretically equal 
0.005 gram of copper, or i per cent on the basis of 0.5 gram of ore being taken for 
analysis. The figure may be arrived at by considering the reactions given in 2. 
The first reaction shows that 2Cu = 2l, or, Cu=I. The second reaction shows 
that 2(Na4S203)=2l, or, Na2S203=I. This makes Cu=Na2S203, or, considering 
atomic weights, 63.57 parts by weight of Cu = 158.12 parts of NaaS203. The 
formula of crystallized thiosulphate, however, is Na2S203 4-5H20. The molecular 
weight of the crystallized salt, then, is 248.20 instead of 158.12. Wc can now make 
the proportion 63.57 t 248.2=0005 lx. ac=001953. This is the weight, in 
grams, of pure crystallized thiosulphate which is equal to 0.005 gram, or i per cent 
of copper. This amount should be in i cc., equal to 19.53 grams per liter. There 
need be no special effort to make a theoretically correct solution. The purity of 
the thiosulphate cannot be depended on, and, in any event, the crystals may have 
lost some of their combined water by drying. An approximately correct solution, 
occasionally re-standardized, is quite sufficient. 

2 Both cupric copper and permanganate are oxidizing agents which act on 
potassium iodide and liberate iodine. The simplified reaction may be considered 
as follows: 2KI-l-0=K20-l-2l. i oxygen thus liberates 2I. Note i, above, 
shows that 2Cu = 2lj therefore 2Cu=0. Now when ferrous iron is oxidized, the 
change is from FeO to Fe203. Thus zFeO, or, ¥0^02, +0 = FC2O3. This shows that 
2Fe=0, which, compared with the above Cu ratio, gives 2Fe = 2Cu, or, Fe=Cu. 
Introducing the atomic weights, we have 55.84 Fe=63.57 Cu, or, i Fe = 1,139 Cu. 

8 The reaction, in case any otes compounds of arsenic or antimony are present, 
is in accordance with the following: H3As034-Br2+H20 ^ H3As04+2BrI. This 
reaction is reversible, but, under the conditions prevailing, proceeds as shown. 
It is easily realized that if bromine is not thus allowed to convert the oas to ic 
compounds, the liberated iodine will do it later, and any iodine thus consumed will 
cause a correspondingly low copper result. 

* A simple method of determining the true end-point, when it has been slightly 
passed, is as follows: Add, from a burette, a counted number of drops of perman¬ 
ganate, of any strength, until the color returns. Continue the titration carefully 
to the end and take reading of burette. Now add the same number of drops of 
permanganate as before, and again titrate and take reading. Subtract the amount 
of thiosulphate last required from the previous reading to obtain the true reading. 
Example: Had passed the end-point at 16.8 cc. After adding 5 drops of perman¬ 
ganate the blue color was restored. Reading, 17.2 cc. Added 5 drops more 
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and again titrated. Reading, i8.i cc. Difierence from last reading, 0.9 ct 
Subtract this from last reading, 17.2-0.9-16.3, the true end-point. 


13. Short Iodide Method.*t—^To 0.5 gram of the ore in an. 8-oz. 
“ copper flask ” add 10 cc. of strong hydrochloric add and 5 cc. of 
strong nitric add. Heat gently to decompose the ore, then add 4 cc. 
of strong sulphuric add and boil almost to dryness, best over a free 
flame with the flask in a holder. Allow to cool. 

Add 50 cc. of water and heat to boiling, then add 5 cc. of strong 
bromine water and boil until all the bromine is expelled. By this time 
all anhydrous ferric sulphate should be in solution. 

Remove from the heat and cautiously add strong ammonia until 
its effects are plainly apparent, by a partial predpitation of ferric 
hydroxide or otherwise, but avoid an unnecessary excess. 

Now add 7 cc. of glacial acetic add, or suffiident to render the 
solution strongly add. Boil for about half a minute and then cool 
completely imder the tap. 

Add 2 grams (usually roughly measured after trial) of powdered 
sodium fluoride, and then, after mixing, 4 cc., more or less, of potas¬ 
sium iodide solution containing 50 grams in 100 cc. 

Titrate with standard sodium thiosulphate solution (about 19.5 
grams per liter) until the brown iodine color is faint, then add a little 
starch liquor and continue the titration until the last drop, falling into 
the center of the nearly quiescent liquid in the flask, produces no 
further decolorization. It is best to read the burette just previous to 
this last drop trial, as the addition may prove to be unnecessary. 

It is usually safer to now add a little more potassium iodide, to see 
if the operation is actually finished, and continue the titration if the 
additional iodide causes a return of the blue tinge. 

The following dements do not interfere: As, Sb, Sn, Hg, Zn, Cd, U, 
Ni, Co, Fe, Mn, Bi, Mo, Ag, Pb. Vanadium interferes. Chromium 
interferes by fo rming an insoluble anhydrous sulphate which holds 
copper. It similarly interferes in the long method. The trouble may 
be avoided by using no sulphuric add in the decomposition. 

A noticeable feature of this short method is the larger excess of 

* Maier, Eng. and Idin. Jour, Feb., 1819, pp. 372-3. Modified by the author. 

t According to my personal tests the results obtained by this method are apparently 
as accurate as those by the long method. In almost every instance I unhesitatinj^y give 
this method the preference. AWt the only objection I have found is the greater amount 
of potassium iodide usually required, this being an expensive salt. 
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potassium iodide required. This is apparently due to the larger excess 
of salts in solution ^n in the long method, these salts retarding the 
reactions, although certain elements appear to show this effect more 
than others, especially Ni, Co, Mo and U. 

14. Electroljrtic Method.—To i gram of the ore in an 8-oz. flask 
add 10 cc. of strong hydrochloric acid and 5 cc. of strong nitric acid. 
Boil gently until decomposition is complete, using more of the acids if 
necessary. If the evaporation of the liquid causes a separation of 
soluble salts, add enough hydrochloric acid at the end to again bring 
them into solution. Finally, add 8 cc. of strong sulphuric acid and 
boa, best over a free flame, to abundant fumes. After cooling, bofl 
with about 30 cc. of water for a moment and then allow to stand, hot, 
until any anhydrous ferric sulphate has entirely dissolved. If sflver is 
likely to be present add a single large drop of strong hydrochloric acid 
just previous to the boiling, to precipitate it as chloride. Fflter, wash¬ 
ing filter and residue at least six times with hot water. Dflute the 
filtrate to about 300 cc. (the dilution is uimecessary if the amount of 
copper is small) and pass in hydrogen sulphide until the copper is all 
precipitated, as shown by the clear condition of the supernatant liquid 
Filter off the sulphides, washing well with hydrogen sulphide water. 
Now rinse the precipitate back into the beaker as completely as pos¬ 
sible, with hot water, place the beaker under the funnel and pour 
through the latter a hot mixture of 5 cc. of a moderately strong 
colorless solution of sodium sulphide and 15 cc. of water. Remove 
the beaker, stir the contents well, and, either immediately or after 
warming a few minutes, according to the amount of arsenic and 
antimony apparently present, filter through the last filter again. A 
second extraction is rarely necessary. Wash out the beaker with hot 
water and then wash the precipitate well with hot dilute sodium 
sulphide solution. Reserve the filtrate, which almost invariably 
contains a little dissolved copper. Rinse the residue back into the 
beaker with hot water, using as little as possible. It is diflSicult to get 
the filter very clean and it is not necessary. Place beaker and con¬ 
tents once more rmder the funnel and pour through the latter a hot 
solution of about 2 grams of potassium cyanide in about 15 cc. of 
water. Remove the beaker and replace it with the original flask. 
Heat and stir the mixture in the beaker until the copper sulphide is all 
dissolved, adding more potassium cyanide if required, but avoiding a 
great excess. Sulphides of bismuth, cadmium, etc., will remain 
undissolved. Again filter through the last filter and wash ten times 
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with hot water. Use small washes each time to avoid a bulky filtrate. 
Remove flask and filtrate to a hood, add 5-6 cc. of strong sulphuric 
acid (this is usually a sufficient excess), heat to boiling and boil to 
fumes. Finally, finish over a free flame until nearly all the excess of 
acid is expelled. Allow to cool with the flask inclined, to prevent the 
cake which may form from cracking the glass. The addition of a little 
nitric acid to the sulphuric acid mixture causes a more rapid solution 
of the copper sulphide, but this is a disadvantage, as the mixture is 
then liable to bump badly. Dissolve the cool cake or residue in about 
25 cc. of water. During these operations attention may be turned to 
the reserved filtrate, which usually contains an appreciable amotmt of 
copper. Acidify it with hydrochloric acid, stir well to coagulate the 
precipitated sulphur, filter, and wash with hydrogen sulphide water. 
Igm’te the filter and contentsin a platinum dish at a dull-red heat until 
the carbon of the paper is entirely consumed. Be very careful to do 
this at as low a temperature as possible. All the arsenic and antimony 
will be expelled. Warm the residue with a few drops of nitric acid and 
add the solution to the main portion in the flask. To the latter now 
add 3 cc. of strong nitric acid, transfer the solution to a suitable beaker, 
dilute, and electrolyze as described below. 

1$. Electrolysis of the Copper Solution.—The solution should have 
a volume of about 125 cc. and contain several cubic centimeters of 
strong nitric acid (sp. gr. i 42). The amount of free nitric acid neces¬ 
sary is not narrowly limited. It is gradually changed to ammonia by 
the electrolysis, and therefore, if too little be present, the solution may 
become alkaline. On the other hand, too much acid retards or may 
prevent the deposition of the copper. I usually use an excess of about 
3 cc. in the above volume of liquid, but 7 or 8 cc. may be safely 
employed, with the advantage of preventing, in a large measure, the 
deposition of any arsenic that may have escaped extraction. 

The following apparatus may be used; A cathode consisting of a 
plain platinum cylinder 5 cm. long and 2.5 cm. in diameter. It has a 
total surface of about 78.5 sq. cm. and weighs about 12.5 grams. It is 
supported by a strong platinum wire attached to the top. An anode 
consisting of a stout platinum wire rising from the center of a base 
made by coiling the wire around itself closely so as to form a circular 
disk. It weighs about 8.5 grams. A beaker suitable for the above 
electrodes, having a diameter of about 5 cm. and a height of about 
8-9 cm. 

The volume and acidity of the solution having been properly 
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adjusted and the cathode cleaned, ignited, and weighed, the elec¬ 
trodes are inserted and suitably supported in the beaker, and the 
latter is covered with a split watch-glass, which permits the wires to 
pass through the center, leaving an opening of only a small crack. 
Adjust the anode within the cathode with its base almost touching the 
bottom of the beaker. The bottom of the cathode should come about 
one-fourth of an inch above the base of the anode, and the top of the 
cylinder should proj'ect a little above the surface of the solution. 

Now coimect with the battery and electrolyze. The cathode 
should be coimected with the zinc pole of the battery. The current 
density should be NDioo =0.5-1 amp. Electrode tension, 2.2-2.$ 
volts. Temperature, 2o®-3o° C. Time required, four to five hours. 
For details as to the attainment of these conditions see Electrol¬ 
ysis, 7. (In my own work, using a direct 220-volt current from 
a dynamo and a bank of lamps as a resistance—^which reduces the 
tension to about 2.2 volts—usually employ, with the above apparatus, 
from 0.2 to 0.4 amp., according to the amount of copper present, and 
allow to run overnight.) 

When the solution has become colorless and the copper is appar¬ 
ently all depoated, immerse the cathode deeper in the liquid, or better, 
raise the level of the latter by rinsing the cover and sides of the beaker, 
and allow the current to run for half an hour longer. The fresh 
platinum surface will show whether copper still remains in solution. 
Finally, at the end, lower the beaker from the electrodes, with the 
current still passing, and at the same time rinse off the adhering add 
solution with a stream from the wash-bottle. Immediately replace 
the beaker with another of distilled water and then stop the current. 
Remove the cathode and wash off the water with alcohol. Allow to 
drain a moment on filter-paper and then dry at about 100° C., cool 
to room temperature, and weigh. The excess over the original weight 
of the electrode rq)resents the copper in the weight of ore taken. 

It is always a good plan to dean the electrode again with nitric 
add, and after igniting and weighing it, replace it once more in the 
solution and electrolyze for a short time to make certain that all the 
copper is removed. 

The above description will serve very wdl for those who have to 
make electrolytic copper assays only occasionally. By means of 
special arrangements of a less simple nature, induding the rapid 
rotation of one of the electrodes, aU the copper in an assay can be 
satisfactorily deposited very quickly, perhaps in fifteen minutes. 
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Detailed descriptions of experiments in this direction can be foimd in 
the chemical literature of the past few years. 

16. Simpler Electrol3rtic Method—The main trouble encountered 
in the electrolytic method is the removal of impurities that might 
deposit with the copper. The method just described, while accurate, 
is long and tedious. A much simpler method, which will suffice in 
most cases, is as follows: 

Proceed with i gram precisely as in the regular iodide method, 
removing silver, however, as in 14, imtil the washed precipitated 
copper on the filter is ready to be dissolved in nitric acid. Now 
remove the filter, wrapping it around the precipitate, and place the 
whole in a small porcelain crucible. Ignite gently until the paper is 
consumed and then heat to redness for half an hour or more, avoiding 
such an intense heat as might melt the oxide of copper formed. Such 
impurities as arsenic and antimony are to a large extent volatilized. 
Finally, allow to cool, pour a little nitric acid in the crucible and warm 
gently until the copper is all dissolved. Transfer the solution to the 
beaker used for electrolysis, bring to the proper conditions (15) and 
electrolyze as usual. 

17. Electrol3rtic Methods of the Anaconda Copper Mining Co.*— 
Allow about o.ii ampere for each determination. With the present 
arrangements at Anaconda, this gives a tension of from 1.40 to 2.30 
volts. 

In all cases a drop of the electrolyte is brought in contact with a 
drop of hydrogen sulphide water, to test if copper has been com¬ 
pletely deposited. 

The platinum cylinders with deposited copper are washed in water, 
then alcohol, dried on a steam-bath, and weighed. 

If the deposited copper is dark from presence of arsenic, it is dis¬ 
solved in 8 cc. of nitric acid, diluted with water and electrolyzed 
again, care being taken to remove from the current soon after the 
complete deposition of the copper. 

Copper may be separated from bismuth, antimony, and arsenic by 
precipitation as sulphocyanate. The precipitate is washed thoroughly, 
ignited gently in a porcelain crucible, dissolved in 7 cc. of nitric acid, 
and the copper is then determined dectrolytically. 

{Note ly the Author.—NH methods that depend upon the precipitation of copper as 
sulphocyanate should be avoided for accurate work. I have never found the precipita¬ 
tion to be complete.) 

* F. W. Traphagen, Western Chenx. and Met., Vol. 6,192, 
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In samples containing arsenic, antimony, tellurium, and selenium, 
such as electrolytic slimes, add loo mgs. of iron to the nitric add 
solution of the sample from which silver has been removed as chloride. 
Add ammonia to predpitate iron and still have the solution add. 
Bring to a boil, settle, filter off the iron predpitate, redissolve it, and 
again predpitate as before. A third predpitation may be necessary 
to be certain of having all the copper in solution. Combine the fil¬ 
trates, evaporate sufl&dently, add nitric acid, and electrolyze. The 
iron predpitate holds the arsenic, antimony, tellurium, and selenium. 

Converter Copper.—^Dissolve 0.5 gram in 8 cc. nitric add, 8 cc. 
water and i cc. sulphuric acid, keeping the beaker covered during 
solution. When solution is complete and the fumes expelled, dilute 
with water and electrolyze. 

In the copper determinations on mattes and converter copper, 
the percentage of silver, as determined by fire assay, is deducted from 
the combined percentages of copper and silver found by electrolysis. 
(291.66 oz. = i per cent.) The silver may be precipitated with just 
sujB&dent dilute sodium chloride solution, an excess being carefully 
avoided, and after the silver chloride has been filtered off, the copper 
may be deposited alone. 

Mattes.—Moisten i gram of the sample with a few drops of water, 
add 8 cc. of nitric add and i cc. of sulphuric add. Run to dryness 
on steam-bath. Take up with water and 8 cc. of nitric add. Filter 
and dectrolyze. 

Slags.—^Decompose 2 grams in a platinum dish with 8 cc. nitric 
add, 8 cc. hydrofluoric add, and i to 2 cc. sulphuric add. Evaporate 
to sulphuric add fumes. Take up with water and 10 cc. of nitric add 
and electrolyze. 

Sulphide Ores.— Wdgh. 1 gram of the sample into a beaker (3^ 
in high and 2 J in. in diameter). Add 8 cc. of nitric add and a little 
potassium chlorate. Evaporate to complete djyness on steam-bath. 
Take up with water and from 6 to 10 cc. of nitric add. Dilute suf- 
fidently, allow to settle and then electrolyze. 

Oxidized Ores.—^Take 1 gram of the sample. Evaporate to dry¬ 
ness with 8 cc. of nitric add. Add 10 cc. of hydrochloric add and 2 cc. 
of sulphuric add, and evaporate to sulphuric add fumes. Take up 
with water and 8 cc. of nitric add, dilute suffidently, settle, and elec¬ 
trolyze. 

r8. Rapid Electrolytic Method.—^By emplo3dng a strong current 
copper can be deposited very rapidly, but, in the ordinary electrolytic 
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much of the deposit is then apt to be non-coherent or detached 
and quite unfit for handling and weighing. This trouble has been 
overcome by the use of arrangements which rotate one of the elec¬ 
trodes or the electrolyte. These devices are complicated and costly. 
It has, however, been found that almost equal rapidity may be 
attained by the use of a specially prepared gauze cathode.* This 
electrode is made of S2-mesh platinum wire gauze. It is about i inch 
in diameter and in. long, of cylindrical shape and corrugated and 
sand-blasted. With 75 cc. of solution and a current of from 8 to 10 
amperes and 3 to 4 volts, the copper is usually completely deposited in 
ten to fifteen minutes. The character of the deposit on the prepared 
electrode is aU that could be desired. 

Ores may be treated as described in 14 until the copper, free from 
interfering elements, is finally obtained in solution as sulphate. Neu¬ 
tralize the excess of sulphuric acid with ammonia, then add an excess 
of 3 cc. of strong nitric add, transfer to a tall electrolysis beaker, dilute 
to 75 cc. and electrolyze with a current of the above strength. The 
end of the operation may be determined by testing a drop of the elec¬ 
trolyte with a drop of hydrogen sulphide water. 

In the absence of interfering elements the process may be greatly 
simplified, even filtration being omitted when the insoluble residue 
is slight or settles well. The final conditions, however, as described 
above, must always be the same, and the solution must be free from 
chlorides. 

Arsenic, if present only in small amount, will not deposit with 
the copper. Therefore, if the deposited copper is darkened with 
arsenic, it usually suffices to redissolve it in nitric add and deposit 
it once more. 

19. Cyanide Method.—In this method the copper is obtained in a 
blue ammoniacal solution and its amount is estimated from the quan¬ 
tity of standard solution of potassium cyanide required to discharge 
the blue color. The results of the cyanide titration are exact if cer¬ 
tain conditions are always maintained. It is found that for the same 
amount of copper: 

z. A concentrated solution requires more cyanide for decoloration 
than a dilute solution. 

2. A hot solution requires less cyanide than a cold one. 

3. In any case when, from a rapid addition of cyanide, the color 

* R. C. Benner, Jour. Ind. and Eng. Chem., May, 1910. Bexmer’s electrodes may be 
obtained of the Denver Fire-Clay Co. 
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has become rather faint, it may, by simple standing, continue to fade, 
and perhaps entirely disappear. 

4. If the amount of cyanide added is insufficient to effect complete 
discharge of color, even after allowing the copper solution to stand for 
several minutes, the titration may then be finished without alteration 
of the final result. 

It is evident from the foregoing facts that in order to obtain correct 
results the titrations for unknown amounts of copper must be made 
under conditions that do not differ materially in the following partic¬ 
ulars from those governing the standardization of the cyanide solu¬ 
tion: 

1. Temperature. 

2. Rapidity of the final additions of cyanide. 

3. Final volume of solution. 

Besides the physical conditions just enumerated, there are chemical 
conditions that affect the result, such as presence of a large amount of 
chlorides, a large excess of ammonia, etc. Such abnormal conditions 
require no special consideration, since they are all easily avoided by 
following the method to be described. 

20. Standardization of the Cyanide Solution.—^Dissolve pure potas¬ 
sium cyanide in distilled water in the proportion of 21 grams to the 
liter. Weigh accurately about 0.2 gram of pure copper-foil and dis¬ 
solve it in an 8-oz. flask in 5 cc. of strong nitric acid (sp. gr. 1.42). 
Dilute with 25 cc. of water and add 5 cc. of a saturated solution of 
bromine in cold water. Boil the mixture until the bromine is appar¬ 
ently expelled. Now add 50 cc. of cold water and 10 cc. of strong 
ammonia (sp. gr. 0.90). Cool to the ordinary temperature by placing 
under a tap or in cold water. Titrate with the cyanide solution in a 
slow, cautious manner, and as the end-point is approached, as shown 
by the partial fading of the blue color, add distilled water so as to 
bring the volume of the solution to approximately 150 cc. Finish 
the titration by careful and regular additions of cyanide, finally 
decreasing to a drop at a time and agitating the flask with a rotary 
movement after ^ach addition, until the blue tint can no longer be 
detected by holding the flask against a light-colored badcground.* 
It is, of course, very essential that there should be no haste and no 
prolonged delay in these final additions of cyanide. Simply adopt a 
r^ular, natural manner, that can easily be repeated in aU subsequent 
titrations. 

* Some operators prefer a porcelain casserole and stirring-rod to a dask. 
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From the amount of cyanide solution required for the weight of 
copper taken calculate the value of i cc. in copper. 

Keep the standard solution in a cool place not exposed to direct 
sunlight. Under these circumstances it holds its strength fairly well, 
but still it gets weaker from the decomposition of the cyanide and 
should be restandardized weekly. 

21. Treatment of Ores, etc.—^Treat i gram, or 0.5 gram if the 
material seems to contain 40 per cent or over, in an 8-oz. flask with 
10 cc. of strong nitric acid. Boil gently until decomposition appears 
to be complete and then add about 7 cc. of strong sulphuric add and 
heat the mixture over a free flame until all the nitric acid is expelled 
and the residuary sulphuric add is boiling freely and evolving copious 
fumes. Remove from the flame and allow to cool. Ores that are not 
decomposed by this treatment must be attacked in some spedal man¬ 
ner for which no general directions can be given. Sometimes the 
addition of hydrochloric add is all that is necessary. It is advisable 
in any case not to add the sulphuric add imtil the ore appears to be 
well decomposed. 

To the residue in the flask add 20 cc. of cold Tvater and heat the 
mixture to boiling. If the ore is likely to contain an appreciable 
amount of silver, add a single drop of strong hydrochloric acid and 
agitate the liquid so as to collect the silver chloride in clots. One 
per cent of silver, or 292 oz. per ton of 2000 lbs., will increase the 
apparent copper contents about 0.29 per cent. Allow to stand, 
hot, until any anhydrous ferric sulphate is entirely dissolved and then 
filter, washing flask and filter with hot water. Return the filtrate to 
the original flask. The volume of the solution should not much exceed 
60 cc. at this point. Now place in the flask three pieces of stout sheet 
aluminum, each about in. long by | in. wide, and heat the mixture 
to boiling. Boil for perhaps five or ten minutes, according to the vol¬ 
ume of the liquid and the appearance of the aluminum. When the 
copper is all precipitated the aluminum will usually appear bright and 
clean, or it will become dean by agitating the flask so as to loosen the 
adhering copper. Remove from the lamp, add about 15 cc. of strong 
hydrogen sulphide water, which will insure the complete precipitation 
of the copper, allow to settle a moment, and then decant through a 
9-cm. filter, retaining in the flask the aluminum and as much of the 
copper as possible. Wash the predpitated copper two or three times 
by decantation with weak hydrogen sulphide water, using about 25 cc. 
each time and pouring throu^ the filter. Drain the flask as com- 
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pletely as possible the last tune. Now place the flask under the funnel 
and pour throu gh the latter lo cc. of a warm mixture of equal volumes 
of strong nitric add and water. Do not wash the filter at this point, 
but ranove the flask and replace it with a beaker. Shake the add 
about in the flask gently, so as to dissolve all the copper, warming 
slightly if necessary, but avoid heating more than is required to just 
dissolve the copper, or the aluminum may be attacked. When solu¬ 
tion is complete, pour the entire contents of the flask into the beaker 
that was placed under the funnel, washing only the lip of the flask, 
and then pour the solution back into the flask again, retaining the 
aluminum in the beater. Wash the aluminum thoroughly and then 
replace the flask under the funnel. Now pour into the filter 5 cc. of a 
cold saturated solution of bromine in water, and when it has nm 
through wash the filter with hot water. The bromine is to deanse any 
dark sulphur left from the copper sulphide on the filter. In the above 
operations avoid increasing the bulk of the solution more than neces¬ 
sary. Boil the solution in the flask until the bromine is expelled, 
then cool somewhat and add 10 cc. of strong ammonia (sp. gr. 0.90) 
and then continue the cooling to room temperature. Titrate the cool 
solution with the standard cyanide solution cautiously rmtil the blue 
color is discharged to a considerable extent and it is evident that the 
end-point is not far off. 

It frequently happens at this point that the liquid is more or less 
doudy. When this is the case it should, for accurate work, be filtered. 
If the titration has been carried too far before filtration, the faint- 
blue tinge is likel}’’ to fade completely away, thus spoiling the assay. 
On the other hand, if filtered early in the titration, a second milkiness 
may develop later. Filter the partially titrated solution through a 
12.5-cm. filter. One washing will usually suflSce. Finish the titration 
very carefully on the dear, pale-blue solution, predsdy as in the 
standardization previously described. Toward the end dilute if 
necessary, so as to obtain a final volume of about 150 cc. 

The number of cubic centimeters of cyanide solution required, 
multiplied b}' the copper value of i cc., will give the weight of copper 
contained in the amount of ore taken, from which the percentage is 
readily calculated. 

None of the ordinary constituents of ores interfere with the method 
as described. 

22. Guess’ Electrolytic Method for Ores, etc.—Mr. G. A. Guess 
observed, in the course of some dectrolytic copper work, that a 
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nitro ” preparation, formed by the action of strong nitric acid on a 
certain petroleum product, when added to the usual nitric acid 
electrolyte, permitted the employment of a strong current, wdth a 
corresponding shortening of the time of deposition, without injuring 
the reguline nature of the deposit. Thus the usual period of eight 
to twelve hours was reduced to three. At the same time it was found 
that even large amounts of arsenic and antimony did not interfere, 
and the deposited copper remained bright and uncontaminated. 

The following are the details of the method: 

The Nitro Compound ^—^Heat very gently a mixture of about lo 
grams of vaseline and loo cc. of strong nitric acid. When all action 
has ceased, dilute to about 300 cc. and allow to stand for twenty-four 
hours. After the straw-colored liquid has been filtered, it is read}" 
for use. 

The Electrodes .—^Thcse are of the Guess-Haul tain design and are 
made of o.ooi-in. platinum foil. The cathode is 12.5 cm. long and is 
divided into a blade 4 cm. wide and 6.25 cm. long, and a central tongue 
0.7 cm. wide and 6.25 long, the immersion area being 50 sq. cm. and 
weight 1.5 grams. The blade is first sand-blasted and then cor¬ 
rugated lengthwise, in order to impart the necessary rigidity. The 
sand-blasting is to permit a firmer adhesion of the deposited copper, 
which is otherwise liable to fly off during the final drying. 

The anodes are 12.5 cm. long and 0.5 cm. wide with a median 
corrugation. Three electrodes are used in each cell; one cathode 
in the middle and one anode on each side of the cathode. These 
electrodes are connected to slotted aluminum terminals, in which 
they are held by contact pressure. The terminals are f-in. rods, 
projecting 2 in. horizontally in front of the w’’all of the cabinet; at 
the back, the middle electrode (cathode) is connected with one pole 
of the current, and the two outer ones (anodes) with the other pole. 

The Procedure .—^Weigh the ore into a tall narrow beaker of about 
200 cc. capacity, suitable for the electrolysis. Digest with 7 cc. of 
nitric acid and boil xmtil the red fumes are expelled. Add about 
I cc. of the prepared nitro compound, nearly fill the beaker with water 
and allow to stand and settle for a moment. Insert the electrodes and 
electrolyze with a current of 1.5 amperes for three hours. 

There should be no evolution of gas whatever at the cathode during 
the electrolysis. Gas is frequently evolved when the current is first 
turned on, but if it is turned off for a second and then on again, the 
* Modification of Messrs. Cavers and Chadwick, Eng. and Min. Jour., Vol, 3 ?, 954, 
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bubbles sbotild cease. Gas may again appear at the end of three hours, 
when the assay is finished. 

The cathode with the deposited copper is fimally removed, dried, 
and weighed in the usual manner (15). 

23. The Colorimetric Determination of Copper.*—^The colori¬ 
metric method is applicable only in the case of products containing 
small amounts of copper, such as slags and tailings. It is based upon 
the depths of color produced by cupro-ammonium nitrate, and, with 
proper precautions, it is a delicate and accurate means of determining 
small percentages of copper. To secure accuracy it is necessary to 
have the conditions under which the comparison or standard solution 
was obtained, and that of the sample under examination, as nearly 
identical as possible. Hence, instead of preparing the standards with 
known quantities of pure copper only, the various other impurities 
accompanying the copper in the sample are simulated, by using tail¬ 
ings, blast or reverberatory slags, of known copper content in making 
up the standard comparison solutions. The following methods are 
modifications of the method of Thom Smith. They were developed 
and are used in the laboratory of the Anaconda Copper Mining Com¬ 
pany. 

Pbefasahon of Standasds 

Blast Slags .—^Take 3 grams of sample on which the copper has 
been determined electrolyticaUy, cover with water, add 10 cc. of 
nitric acid and i cc. of hydrochloric add and heat a few minutes on 
the steam-bath. Dilute the mixtmre, after heating, with 100 cc. of 
water, add dilute ammonia in slight excess and filter into a colorimetric 
bottle. Wash until the filtrate fills the bottle to the mark. If the 
electrolytic copper on this sample was 0.20 per cent, this standard is 
called “ B-2.” To prepare “ B—3 ” add 0.003 graju of copper to 
another 3 grams. “ B-4 ” is prepared by the addition of 0.006 gram 
of copper, and “ B-s ” by adding 0.009 gram of copper, the copper 
being always added before the ammonia, and the samples treated as in 
the preparation of “ B—2.” If samples low enough in copper to pre¬ 
pare the lowest standards are not at hand, all the copper may be 
removed dectrolytically and then sufficient of a standard copper solu¬ 
tion added for the required standard. 

Tailings.—Heat i gram of the sample on the steam-bath with $ cc. 
of nitric add and a pinch of potassium chlorate. Dilute, filter and 

• From papas by F. W. Tiapbagen, Weston Chem. and Met., VI, 148, and Arthur 
Austin, Western Chem. and Met., VI, 309. 
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wash as for slags. If the electrolytic copper on this sample was 0.50 
per cent, the standard is called “ T~5.’’ To prepare T~6 ” add 
0.001 gram of copper to another gram sample; 0.002 gram for T-? 
0.003 g^^m for “ T-8 0.005 g^^m for '' T-io/’ 

Reverberatory Slags ,—^Take 2 grams of sample, add 10 cc. of hydro¬ 
chloric add and 2 cc. of nitric add. Heat, dilute, add ammonia, 
filter and wash as for blast slags. If the electrolytic copper on this 
sample was 0.30 per cent, this standard is called R-3.’^ For “ R-4 ” 
add 0.002 gram of copper to another 2 grams of sample. Add 0.004 
gram for “ R-S,” 0.006 for R-6,’’ and so on. Treat each as in the 
preparation of R-3.’’ 

A set of standards being prepared as above, another set of bottles 
is arranged, each bottle being filled almost to the mark with water and 
10 cc. of ammonia. A standard solution of copper, containing 0.001 
gram of copper to the cubic centimeter, is run into each from a burette 
until the color produced exactly matches a corresponding standard pre¬ 
pared as above. The burette reading is carefully noted in each case. 

The following results were thus obtained: 


B-2 required 
B -3 ‘ 

B -4 ‘ 

B -3 ‘ 


4 

4 cc 

R-2 required 

3 2 cc 

T-3 required 

2 

8 cc. 

6 

7 cc. 

R-3 “ 

4 6 cc. 

T -4 “ 

3 

8 LC. 

9 

I cc 

R-4 “ 

6 I cc. 

T -5 

4 

7 cc. 

11 

I cc 

R-S “ 

7 9 cc 

T-6 “ 

3 

7 cc 



R-6 “ 

9 7 cc 

T -7 

6 

0 cc. 



R -7 

II 4 cc. 

T-8 

7 

6 cc. 



R~8 ‘‘ 

13 2 cc. 

T -9 “ 

8 

5 cc 





T-io ‘' 

9 

5 cc. 


By the use of this table standards may be rapidly prepared. 


Detekmin-\.tion of Copper 

Treat blast slags, reverberatory slags and tailings exactly as 
described in Preparation of Standards ” and match the filtrates with 
the standards. 

Details of Operation .—Except in the case of converter slag (of which 
0.5 gram is taken) aU portions are i, 2, or 3 grams. 

Tailings are weighed into No. i beakers, 100 cc. capacity, and slags 
into No. 2 beakers, 200 cc. capacity. 

Tailings are treated with nitric acid and a pinch of potassium 
chlorate, set upon the steam-plate and left for half an hour. The 
addition of nitric add should be regulated so as to leave about 5 cc. 
after treatment on the hot plate. After the hot plate treatment about 
25 to 30 cc. of cold water are added to the beakers and they are then 
placed in front of the color bottles which have been previously arranged. 
These color bottles are of square shape, to allow of easy and safe 
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handling, and are made of dear white glass. They are 7I in. high, 
with a body 21 in. in diameter and a short neck about if in. in diam¬ 
eter. Ammonia (i : i) is added to the beakers in such quantity as to 
give about the same excess as is used in the standards. Ribbed fun¬ 
nels 4f in. in diameter are set in the mouths of the bottles, and pro¬ 
vided with filters i8§ cm. in diameter. The contents of the beakers 
are now poured “ clean into the filters. The beakers are washed 
once with warm water, which is then poured through the fiilters, and, 
after draining, the precipitate in each filter is given one good wash with 
warm water. The funnels are now removed and the bottles are filled 
up to the standard marks wdth water. The larger bulk of solution 
before filtering and the greater amount of wash water required cause 
the mark on the slag bottles to be higher than that on the tailings. 
On the bottle described the tailings mark will come about hahway up, 
and the slag mark will be near the top. The tests, when ready, are 
matched against the standard colors arranged in a color stand. The 
latter is made of wood, painted white, and faces a window. Each 
standard bottle is in a separate compartment, so as not to be affected 
by the color of an adjacent standard. In making comparisons the 
standard and the unknown should be at equal distances from the par¬ 
titions, as the latter have a slight effect on the color. 

Results are read and reported to the nearest 0.05 per cent by read¬ 
ing between the standards, which are graduated to o.i per cent. 

Blast slags decompose easily; reverberatory slags are best decom¬ 
posed by first adding hydrochloric acid, and then, after a few minutes’ 
digestion, adding nitric acid. Add a little water before the acid, so as 
to make a paste, which will prevent caking. 

Reverberator}" and converter slags should be allowed about three- 
quarters of an hour on the steam-plate, and, when taken up with water, 
stir thoroughly with a rubber ‘‘ policeman.” The dilute ammonia 
should be added while stirring, so as to best judge the required excess. 

Sometimes the color produced in a test has a greenish tinge, and the 
test is then apt to be read too high. Heath states that this may be 
due to the presence of organic matter, which impairs the complete 
precipitation of ferric hydroxide by ammonia. If the green tint is too 
pronounced the sample should be ignited. 

Standards of low copper content seem to preserve their color best 
with a small excess of amm onia, 5 cc. Those of higher copper con¬ 
tent require 10 to 20 cc. excess. The sample to be matched should be 
as nearly like the standard in all respects as possible. 
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I. Norris’ Method for the Determination of Fluorine in Fluorspar 
and Ores,*—Special reagents required: 

Standard Calcium Acetate Solution .—^Dissolve 13.16 grams of pure 
calcium carbonate in a mixture of 100 cc. of glacial acetic acid and 
100 cc. of water and dilute to i liter. Standardize by determining the 
CaO in 30 cc., titrating the oxalate precipitate vnth. the standard 
permanganate, and then, from the formula CaF2, calculate the per¬ 
centage value of I cc. in fluorine on the half-gram basis. Should equal 
about I per cent. 

Standard Potassium Permanganate Solution. —8.316 grams per 
liter. Standardize against about 0.7 gram of pure sodium oxalate. 
Calculate for CaO per cubic centimeter and then for the value of i cc. 
in the standard calcium acetate solution. 

Sodium Oxalate Solution, —17.62 grams per liter. Not standardized, 
but I cc will correspond to about i cc. of the calcium acetate solution. 

Silver Nitrate Solution ,—Dissolve 5 grams of silver nitrate in 
water and dilute to 100 cc. 

Sodium Chloride Solution ,—^Dissolve 5 grams of pure sodium 
chloride in water and dilute to 100 cc. 

Procedure.—^Bring to a quiet fusion $ grams of potassium hydrox¬ 
ide and 3 grams of sodium carbonate in a thin spun-iron crucible of 
about 25 cc. capacity.^ Remove from the heat, allow to cool partially, 
and add 0.5 gram of the finely ground material and 0.5 gram of finely 
ground silica. Cover the crucible with a very loosely fitting porcelain 
or iron cover, bring the mass to quiet fusion and maintain at that point 
for twenty-five or thirty minutes.^ Remove the cover and pour the 
melt on a cold iron plate, covering with an evaporating dish to pre¬ 
vent loss from violent cracking on cooling. 

Have ready a 500-cc. beaker containing about i J in. of cold water. 
Place the crucible in this, after pouring, and heat to remove adhering 
• Pr. W. V. Norris, Colorado Sdiool of Mine;, 
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melt, then lift it out with a glass rod, wash and remove it. The cover 
may be similarly treated, or perhaps simply washed dean with a jet 
of hot water. Now place the cold melt in the beaker and boil for about 
five minutes to effect complete disintegration.® 

Filter the mixture, using a filter plate set in a loop funnd and having 
the filter paper covered with a layer of asbestos fiber. Wash ten times 
with hot ammonium carbonate solution; 5 grams in 100 cc.^ Receive 
the filtrate in a large beaker. 

(Silica may now be removed as follows, but its removal is appar¬ 
ently unnecessary: Add 10 grams of ammonium carbonate, cover, 
heat (cautiously) to boiling and boil until the odor of ammonia is 
gone, or nearly so. Filter through a filter similar to the last and wash 
ten times with hot water. This ronoves nearly all the silica.) 

Whether the silica has been removed or not, proceed as follows: 

Addify almost exactly with acetic add and ^en add an excess of 
gladal acetic add in the proportion of i cc. to every 100 cc. of solution. 
Now, from a burette, add a measured amount of the standard caldum 
acetate solution, which should be in excess relative to the possible 
fluorine present, but not exceeding 50 cc. in any case. Boil for 
five minutes, then remove from the heat, cool and transfer to a 
looo-cc. measuring flask. Make up to the mark with cold water, mix 
and then allow to settle for about half an hour.® Fill a 500-cc. measur¬ 
ing flask up to the mark with the dear liquid. Transfer this to a 
large beaker, through a filter, if necessary, and washing the filter ten 
times with small portions of hot water. Add 35 cc. of the sodium 
oxalate solution, boil ten minutes and then filter, washing ten timpg 
with hot water. 

Make a mixture of 200 cc. of water and 10 cc. of strong sulphuric 
add in a beaker. Heat nearly to boiling, add the filter and predpitate 
and titrate with the standard permanganate to the usual piTit- tinge. 

Calculate the cubic centimeters of permanganate used to the 
equivalert amount of caldum acetate solution. Deduct this from the 
total amount of caldtun acetate solution taken, bearing in mind, 
however, that the solution was divided before predpitation, and there¬ 
fore only one-half the original amount of caldum acetate solution is 
under consideration. The remaining caldum acetate solution, multi¬ 
plied by 2 and then by its percentage factor for fluorine, will give the 
percentage of fluorine in the substance.® 
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^ This is to expel water that would otherwise cause much spattering. 

* This fusion may sometimes seem unnecessarily long, judging from the appear¬ 
ance of the melt; but experience has shown that an apparently clear melt is not a 
safe guide and that it is not advisable to shorten the time prescribed. 

* All the fluorine should now be in solution as alkali fluoride. The caldum will 
exist as carbonate. 

* The ammonium carbonate is to lessen the danger of dissolving some of the 
calcium carbonate. 

® Settling is resorted to because the precipitated calcium fluoride filters very 
badly. 

•The calcium acetate solution, prepared by dissolving 13.16 grams of CslCOz 
per liter in acetic acid, will contain the equivalent of 7.3732 grams of CaO per liter, 
or 0007372 gram per cubic centimeter. One CaO is equivalent to CaFj, or, F2. 
That is, 56.07 parts by weight of CaO =38 parts of F. The weight of CaO in i cc., 
0.007372 gram, will accordingly correspond to 0.005 oi F, or i per cent on 
the half-gram basis. 

Two KMnOi, molecular weight 316.06, contain 5 available ox>'gen atoms 
Each CaO, molecular weight 56.07, determined as oxalate, is equivalent to i oxy¬ 
gen. Five oxygen, or 316 06 parts by weight of permanganate, will therefore equal 
280.35 parts of CaO. If the permanganate solution is made exactly 8.316 grams 
per liter, i cc. will contain 0.008316 gram. By proportion, this will correspond 
to 0.00737 gram of CaO, or, i cc of the calcium acetate solution If standardiza¬ 
tion shows that the calcium acetate and permanganate solutions vary in strength 
from the theoretical, calculate their exact values and mutual relations in 
accordance with the above. 


2. Rapid Practical Method for Fluorspar.—Take 0.5 gram of the 
ore in an 8-oz. flask, moisten with water, add 5 cc. of glacial acetic 
acid and boil nearly to pastiness. Take up in about 50 cc. of dilute 
acetic add (i acid to 2 water) and boil gently for a few minutes. 
These operations will not affect caldum fluoride, but will usually 
extract practically all other caldum salts. Filter, washing well with 
hot water. Place about 3 grams of powdered anhydrous sodium sul¬ 
phate in a small platinum dish, mixing in also a little potassium nitrate, 
if redudble met^s are likely to be present. Lay the filter and residue 
upon this mixture and ignite gently until the paper is burned fairly 
well. Now cool and add 5-6 cc. of strong sulphuric add. Heat 
carefully, to avoid spattering, first to strong fumes, and then to a 
melt, if possible. If the mass solidifies at the end, without melting, 
cool suflBidently, add a little more sulphuric add and heat again. This 
will usually effect complete decomposition of the fluoride, and expul¬ 
sion of the fluorine, even if the mass is not completely melted. Allow 
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to cool, cover the didi and dissolve the cake by warming with sufficient 
water acidulated with $ cc. of hydrochloric acid. Transfer the solu¬ 
tion to the original flask, first filtering, if there is an appreciable 
amount of insoluble residue. Dilute to about 150 cc. with hot water 
and proceed with the determination of CaO as described in Cal¬ 
cium, I, at the same point. Multiply the percentage of CaO foimd by 
1.393 to obtain the percentage of CaFg. 

3. Valuation of Fluorspar. Method of Dr. Bidtel.*—The usual 
determinations are calcium carbonate, silica and calcium fluoride, 
although other constituents are sometimes required. 

Calcium Carbonate .—^Place i gram of the finely powdered sample in 
a small Erlenmeyer flask, add 10 cc. of 10 per cent acetic acid and 
insert a short-stemmed funnel in the neck of the flask as a splash trap. 
Heat the mixture for one hour on a water-bath, agitating from time to 
time. The calcium carbonate is decomposed and may be dissolved 
out as the soluble acetate, while calcium fluoride and silica are prac¬ 
tically unaffected. Filter the solution through a 7-cm. ashless filter 
and wash the residue four times with warm water. Ignite filter and 
contents in a weighed platinum crucible at as low a temperature as 
will completely bum the filter. The loss of weight minus o.oors 
gram (the amount of calcium fluoride soluble in acetic acid imder the 
conditions named) is reported as calcium carbonate. 

Silica .—^Mix the residue in the platinum crucible with about i 
gram of yellow mercuric oxide, in the form of an emulsion in water, 
breaking up any hard lumps that may have formed. Evaporate the 
mixture to drjTiess, heat to dull redness, then cool and weigh. The 
mercuric oxide oxidizes any sulphide that may be present. Add about 
2 cc. of hydrofluoric acid and evaporate to dryness. Repeat this 
process twice (performing it three times in aU), to ensure complete 
expulsion of silica (as SiF4). Now add a few drops of hydrofluoric 
acid, a little macerated filter-paper and then a few drops of ammo¬ 
nium hydroxide, to precipitate the iron. Evaporate to dryness, ignite 
to dull redness, cool and weigh. Report the loss from lie previous 
wdghing as silica. 

Calcium Fluoride .—Treat the residue with 2 cc. of hydrofluoric 
acid and 10 drops of nitric add (to decompose the oxides), cover the 
crudble and place on a moderately warm water-bath for thirty min¬ 
utes. Now remove the lid and evaporate to (hyness. Repeat the 

* Pr. E. Bidtel, Jour. Ind. Eng, Chem, Vol. 4, p. 2015 Vol 6, p. 265. 
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evaporation with hydrofluoric acid to ensure the transposition of the 
nitrates to fluorides. If the residue is stiU colored, repeat the evap¬ 
oration a third time. Finally, add a few drops of hydrofluoric acid 
and 10 cc. of ammonium acetate solution. The acetate solution is 
made by neutralizing 40 cc. of 80 per cent acetic acid with strong 
ammonia, adding 2 grams of citric add and making the mixture up 
to 100 cc. with strong ammonium hydroxide. Digest the mixture in 
the crudble for thirty minutes on a boib'ng water-bath, then filter, 
washing first with water containing a small amoimt of ammonium 
acetate, and finally with pure hot water. (Several washings by decan¬ 
tation are advisable.) Igmte the residue in the same crucible as 
before and weigh as caldum fluoride. To this weight add 0.0022 
gram to compensate for loss of CaF2. 

Pure calcium fluoride is white. To test the purity of the residue, 
add 2 cc. of sulphuric add and heat to fumes to decompose the fluoride, 
then add an additional cubic centimeter of sulphuric acid and heat to 
complete dryness, expelling all the free acid. Weigh the residue as 
calcium sulphate, which, on calculation, should check the calcium 
fluoride previously weighed. Now fuse with sodium carbonate and 
treat the mass, after cooling, with dilute hydrochloric acid in excess. 
If barium is present the solution win be cloudy from barium sulphate. 



CHAPTER XV 


IRON 

1. In the determination of iron in ores and metallurgical products 
some modification of either the permanganate or dichromate volu¬ 
metric method is ordinarily employed. Both methods give exact 
results, and the choice of the one to use usually depends on either the 
personal preference of the operator or the convenience of the case in 
hand. 

The following modifications of these methods are employed in 
my laboratory. 

2. P«manganate Method.—^This method is based on the following 
reaction: 

ioFeS04-l-2KMn04-f8H2S04 

—* 5^®2(S04)3+2MnS04"l-X2S04’4-8H20. 

The ferrous salt, which may be either a sulphate or a chloride, 
is oxidized to the ferric condition by the permanganate, which is 
itself decomposed and decolorized. When the permanganate in 
solution is added gradually, its color is continually destroyed as long 
as any ferrous salt remains, but as soon as the oxidation is complete 
the addition of more permanganate imparts a permanent pink tint to 
the liquid. The above equation shows that it requires 316.06 parts 
of potassium permanganate to oxidize 558.4 parts of iron from the 
ferrous to the ferric condition. To make a standard solution, there¬ 
fore, so that I cc. shall equal i per cent of iron, i.e., 0.005 grJtm when 
0.5 gram of ore is taken for assay, we solve the proportion 

316.06 : 558.4 =« : 0.005. 

*=0.00283.^ This is the weight of permanganate required in 
I cc., whidi is equivalent to 2.83 grams per liter. When used for iron 
determinations, the solution may conveniently be made of approxi- 
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matdy this strength. Its exact value is determined by standardiza¬ 
tion. 

3. There are three common methods of standardizing the per¬ 
manganate solution: 

1. By metallic iron or an iron solution of known strength. 

2. By a stable ferrous salt. 

3. By oxalic add or an oxalate. 

I have found the metallic iron method, when carried out as 
described below, and the oxalic add or oxalate method to give prac¬ 
tically identical results, and I ordinarily use the latter on account of its 
simplidty. The stable ferrous salt usually employed is ferrous ammo¬ 
nium sulphate. As ordinarily obtainable it is not a sufl&dently 
reliable basis for the best work. 

After the permanganate solution has been made up it should be 
allowed to stand at least a day before standardizing, as when first pre¬ 
pared it is constantly changing in strength, owing to oxidation of the 
organic matter always present in the liquid. 

4. To standardize by means of metallic iron, weigh 0.15-0.20 
gram of very finely drawn clean iron wire and dissolve in an 8-oz. 
flask in a mixture of 5 cc. each of strong nitric and hydrochloric adds. 

Very finely drawn polished iron wire can be purchased at the supply 
stores marked with its true percentage of iron, usually about 99.8. 
Sutton recommends the use of soft “ flower-wire,” of which the actual 
percentage of iron may be assumed to be 99.6. Pure electrolytic 
iron in granulated form is also to be obtained. It has the advantage 
of dissolving very rapidly ia hydrochloric or dilute sulphuric add, and 
is said to keep well without oxidizing. When iron wire is used the pre¬ 
caution should be taken to have it perfectly dean and free from rust. 
If polished and apparently dean, it may simply be drawn through a 
piece of filter-paper held in the hand to insure freedom from dust and 
grease, but if at all oxidized it should first be thoroughly deaned with 
fine emery-paper or doth. 

5. Having placed the wire in the flask, best in a snug coil, add the 
add and warm the mixture gently. The wire will quiddy dissolve. 
Besides effecting a rapid solution of the iron, the aqua regia also serves 
to oxidize hydrocarbons and other compounds, due to impurities in 
the wire, that would otherwise consume a little permanganate in the 
titration. When the wire has dissolved add 5 cc. of strong sulphuric 
add and boil over a free flame (manipulating the fla^ in a holder) 
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until the hydrochloric and nitric acids are expelled and most of 
the sulphuric also. Allow to cool and add 3® cold water, 

10 cc. of strong hydrochloric acid and 3 cc. of 4 per cent CUSO4 
olution.* 

6. Now add 6 grams of pure granulated zinc (best about 20-mesh). 
This should be roughly weighed, as all zinc contains a little iron and 
the error thus introduced must be subsequently determmed and 
allowed for. The iron is reduced from the ferric to the ferrous condi¬ 
tion according to the equation 

zFeCla-l-Zn —»zFeCla+ZnCk. 

Hydrogen is also liberated by the action of the free add on the zinc. 
The copper added predpitates arsenic. 

Allow the reaction to continue until the solution is completely 
decolorized, heating, if necessary, toward the end if the action is slow. 
Now add 50 cc. of cold water to the mixture in the flask, and then lo cc. 
of strong sulphuric add. This will dissolve whatever zinc remains 
and will also supply the solution with a large excess of sulphuric add. 
The latter will counteract the otherwise disturbing influence of the 
hydrodiloric add present during the subsequent titration and secure 
a sharp end-point. Hydrochloric add and potassium permanganate 
mutually decompose each other with the evolution of chlorine as 
follows: 


2KAIn04+i6HCl aKCl-f 2MnCl2+8H20-l-ioCl. 

When this takes place during an iron titration, the amount of per¬ 
manganate consumed is increased, thus producing high results, while 
the end-point is obscured owing to the continual fading of the pink 
tinge. K, however, the solution is cold, largely diluted, and contains 
a proper excess of sulphuric add, a little hydrochloric add causes no 
trouble.t 

7. When the dnc is nearly all dissolved the mixture should be fil¬ 
tered. Nearly all zinc contains lead as an impurity, and this remains 
bdbind as a finely divided black residue, which would cause trouble 
by consuming permanganate if not filtered off. As the solution has a 

♦ It is a good plan to make this solution slightly ammoniacal and subsequently filter 
off any FeifOHjj 

t It appears to make a very slight change in the standard, but this is of no conse¬ 
quence in technical work, as iron determinations are made the same way. 
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tendaicy to dog a filter and run very slowly it is better to filter through 
a plug of absorbent cotton placed in a funnel and moistened. Do not 
use an unnecessarily large wad. Place it in the funnel so that the 
under side is smooth, with the fibers lying horizontally. If the latter 
are allowed to string downward they are liable to obstruct the neck 
of the funnel and cause a slow filtration. The proper arrangement 
filters rapidly and washes easily. Receive the filtrate in a 4-inch by 
S-inch glass battery-jar containing an inch or two of water. Wash 
the filter and residue well with cold water. 

8. Dilute the solution in the battery-jar with cold distilled water 
to about 700 cc., having previously placed a mark on the jar at that 
point. The solution is now ready for titration, which should proceed 
without unnecessary delay, to avoid oxidation of the ferrous iron by 
the air. Place a piece of white paper under the jar, in order that the 
color change may be rendered more distinct, and run in the perman¬ 
ganate solution from a burette while stirring the mixture with a glass 
rod. The color of the permanganate is almost instantly destroyed at 
first, but as the end-point is approached a less rapid decolorization can 
easily be detected if the permanganate be added cautiously. Proceed 
more and more carefully, finally drop by drop, until a verj" faint per¬ 
manent pink tinge is obtained. The reaction being now complete, 
read the burette. Another drop of permanganate should turn the 
solution decidedly pink. 

Before calculating the standard of the permanganate it is neces¬ 
sary to apply a correction by deducting the amount of permanganate 
solution required to produce the same pink tint in a solution containing 
no dissolved iron wire, but otherwise of the same volume and condi¬ 
tion and containing the same reagents. To determine this correction 
once for all for the same reagents, proceed as follows: 

9. Treat 6 grams of the zinc regularly used, in an 8-oz. flask, with 
a mixture of 10 cc. of strong hydrochloric add, 25 cc. of water and 3 cc. 
of 4 per cent CUSO4 solution. Add gradually a mixture of 10 cc. of 
strong sulphuric add and 20 to 30 cc. of water. When the zinc has 
about all dissolved, dilute with cold water and filter throu^ absorbent 
cotton as described for the standardization, finally titrating with 
permanganate predsely as before. Note the amount of permanganate 
required and deduct this volume from the burette reading of all cor¬ 
responding iron titrations. 

A correction is sometimes made for the color due to the ferric 
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salt present at the end of a titration, but the error from this cause is 
usually negligible. 

10. Having now, in the standardization of the permanganate, 
taVpn the final reading of the burette and deducted the correction, 
there remains only to divide the actual weight of iron in the iron wire 
tairm by the number of cubic centimeters used to find the value of 
I cc. in iron. 


Example .—of iron wire taken.o. 1725 gram 

Actual weght of iron (99.8%).0.1721 “ 

Burette reading.34 ■ 9° cc. 

Correction.0.20 “ 


Corrected reading. 34 • 70 

0.1721-5-34.70 =0.004961. 


cc. 


This is the weight of iron in grams to which i cc. of the permanganate 
is equivalent. 

On the basis, then, of 0.5 gram of ore being taken for assay, i cc. = 
0.9922 per cent of iron. 

11. To standardize by means of a ferrous salt, ferrous ammonium 
sulphate is commonly used. This salt has the composition 
FeS04(NH4)2S04-i-6H20. It contains 14.24 per cent of iron, although 
it is frequently assumed to contain exactly one-seventh of its weight of 
iron. Weigh from i to 1.5 grams of the pure salt (the usual C. P. 
article is seldom of the theoretical composition) and dissolve in a bat¬ 
tery-jar in 700 cc. of cold distilled water acidified with 10 cc. of strong 
sulphuric acid. Titrate at once to the usual pink tint. Make a 
blank test on the plain acidulated water to determine the amoimt of 
permanganate required to produce a tint and deduct the correction 
thus found from the former reading. Calculate the standard as above. 

12. To standardize with oxalic add, proceed as described in 
Calcidm, 6, and determine the oxalic value of i cc. of the perman¬ 
ganate. This value multiplied by 0.8855 give the iron factor. 
Sodium oxalate,* (Soreosen’s salt), sold for standardizing, is to be 
preferred to oxalic add. as of more certain purity. It is treated in the 
same way as oxalic add. The sodium oxalate value of the per¬ 
manganate multiplied by 0.8332 will ^ve the iron value. This is a 


•Na*C>04. 
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convenient and accurate method and is the one usually employed in 
my laboratory. 

13. Treatment of an Ore.—^Weigh 0.5 gram of the ore and place in 
an 8-02. flask. Decompose with acids according to the nature of the 
sample. It is usually best to begin with 10 cc. of strong hydrochloric 
acid and warm gently as long as decomposition appears to progress, 
adding more acid if necessary. If undecomposed sulphides remain, 
add 5 cc. of strong nitric add and continue the heating. Note whether 
the insoluble residue now appears white or discolored. In the latter 
case endeavor to effect a better decomposition by continued gentle 
heating with hydrochloric add. Finally, add to the mixture (which 
should not be so concentrated as to contain separated salts) about 5 cc. 
of strong sulphuric add and heat the flask, supported in a holder, over a 
free flame until practically all the add, including the sulphuric, is 
expelled.* Allow to cool, add 30 cc. of cold water and 10 cc. of strong 
hydrochloric acid, and the mixture is at once ready for the reduction of 
the iron with zinc. It is not necessary to get the salts mto solution 
before adding the zinc. They will dissolve very quickly after reduc¬ 
tion begins. 

If hydrochloric add alone effects a solution of aU the iron in the ore, 
the further treatment with nitric or sulphuric add is unnecessary. In 
such a case, in order to have the right amount of add finally present, 
boil the solution nearly to dryness and then add 8 cc. more of hydro¬ 
chloric add. Dilute to 40 cc. with cold water and proceed with the 
reduction. 

14. Add 6 grams of pure granulated zinc (20-mesh) and reduce the 
iron predsely as described for the standardization of the per mang anate 
by the metallic iron method (6). 

When the reduction is complete, dilute with 50 cc. of cold water and 
then, with a little caution, add 10 cc. of strong sulphuric add. Besides 
a residue of lead from the zinc itself, redudble metals from the ore, 
such as lead, copper, arsenic, etc., will be predpitated. All this residue 
must be removed. When the zinc is nearly all dissolved filter the 
mixture throu^ a plug of moistened absorbent cotton into a battery- 
jar, as described in 7, washing the filter well with cold water. Dilute 
to 700 cc. and titrate at once with permanganate, as described in 8. 
After reading the burette, deduct the correction previously determined 

* Nitric add may not be entirely eigpdled by this treatment unless all nitrates are in 
solution when'the sulphuric acid is added. 
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(9) and multiply the actual number of cubic centimeters used for the 
ore by the percentage value of i cc. for iron. This gives the percent¬ 
age of iron in the sample. 

15. Effect of a Large Amount of Arsenic.—Ores containing a large 
amount of arsenic will frequently give low and variable results, and the 
titration will have a rather quickly fading end-point. Apparently, 
some arsenic has been left in solution, after the reduction, in the ic 
condition, and this, by subsequently oxidizing iron, brings the results 
low, as the arsenious acid produced is only very slowly acted upon by 
the permanganate. The addition of cupric sulphate solution, as pre¬ 
scribed in 5, usually prevents this trouble by precipitating metallic 
copper on the zinc, which in turn precipitates the arsenic as copper 
arsenide The zinc alone cannot be depended upon to do this. 

1 Calculations of this kind may be greatly simplified without considering 
extended reactions Potassium permanganate is an oxidizing agent, with the 
formula OlnO^ The latter may be written K2Mn208, or K2O Mn207, the 
molecular weight of which is 316.06. The oxidizing portion of this compound is 
the Mn 207 , which, by giving up Os, is reduced to Mn202, or, 2MnO, the Mn chang¬ 
ing its apparent valence of 7 to 2. The main point to be considered is that every 
KoO-Mn^Or has 5 available oxygen atoms. Now, when ferrous iron is oxidized, 
the reaction, without regard to the actual combination of the iron, may be con¬ 
sidered simply as a change from FeO to Fe203, as follows: 2FeO, or Fe202,+0 = 
FeoOs. This shows that every Fej requires i oxygen, or, 0=Fe2 The two 
points thus established, and which should be remembered in volumetric work, 
ire that K2O Mn307=06, and that 0=Fe2. It now follows that K2O Mn 207 = 
loFe, that is, 316.06 parts by weight of the permanganate = 558.4 parts of Fe. 

WTiile the above explanation may appear long, the actual work required in a 
calculation made by this method is comparatively small, as it obviates the necessity 
of writing out long reactions. 


16. Treatment of SiKcates and Other Refractory Substances.— 
The add treatment just described will serve excellently for the decom¬ 
position of most ores treated at western lead-smelters, but silicates, 
furnace products, refractory oxides, etc., are frequently encountered 
that do not thus jdeld up all their iron> In the purchase of ores for 
lead-smelters the actual total iron contents are not, as a rule, abso¬ 
lutely required, but only what is obtained by the add treatment. In 
the majority of cases practically all the iron is thus dissolved. What 
remains is classed with the insoluble residue or silica.’’ Whenever 
the total iron is required the material must, of course, be completely 
decomposed. 
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17. Method that is Freqiientty Effective when Acids Fail.—^IVeigh 
0.5 gram of the finely ground material into an 8-oz. flask. Add 5 
grams of dry sodium sulphate and about 6 cc. of strong sulphuric acid. 
Manipulate the flask in a holder over a strong naked flame, boiling 
off all the add and finally redudng the residue to a nearly or actually 
red-hot melt. Do this final heating with the melt on the side of the 
flask, so as not to bulge the bottom. Cool with the flask on its side, 
in order that the contracting cake will not crack it, or, distribute the 
melt around the sides of the flask until it solidifies. This treatment 
will effect a complete decomposition of many refractorj’ ores, either 
sulphides or oxides. Silicates may not be much attacked. If unde¬ 
composed partides remain that are likely to contain iron, the following 
procedure may be tried: Add 10 cc. of water to the cooled mass and 
about 6 cc. of sulphuric add. Heat until the cake has dissolved or 
disintegrated, then add hydrofluoric acid, about as much as can be 
held in an ordinarj’ platinum crudble cover, and repeat the pre\'ious 
treatment over a naked flame. The flask will not be materially 
attacked and the glass is not likely to contain iron in suflScient amoimt 
to affect the determination. If this treatment still leaves a dark insol¬ 
uble residue, one more effort may be made on the same portion. To the 
cool mass add water and sulphuric acid and disintegrate as before. 
Now add one-eighth of a 9-cm. filter paper and again rim down over the 
flame until the carbon is all burned off and a melt once more obtained, 
then cool as before. Antimonial compounds will frequently yield to 
this treatment (owing to the reduction of the antimony to the otis 
condition) where the other methods fail. Of course this last method, 
combined with hydrofluoric acid also, may be tried at the outset, but 
in practice I have usually foimd the extra steps unnecessarj'. 

If a satisfactory decomposition has been attained, add 30 cc. of 
water and 10 cc. of hydrochloric add to the cool mass and warm gently 
to dissolve the cake. Continue from this point as described in 14. 

18. Refractory Silicates.—Silicates, or mixed material containing 
silicates, may be decomposed as described under Silica. The nature 
of the material has to be considered in dedding upon the best course to 
pursue and the matter of the decomposition is fully explained in the 
section referred to. An add solution of the iron is thus finally obtained. 
If in two portions, as the result of an add treatment followed by a 
fusion of the residue, they should be united. When only iron is to be 
determined it is usually unnecessary to evaporate to dryness to remove 
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silica. Warm the solution in a beaker, add a little bromine water if 
the iron is not fully peroxidized, and then precipitate the iron as ferric 
hydroxide with excess of ammonia. Heat to boiling, allow to settle, 
filter, and wash thoroughly with hot water. With a jet from the wash- 
bottle transfer the bulk of the washed precipitate from the filter to a 
beaker, nsing as little water as possible, and then place the beaker 
under the funnel. Pour through the filter a hot mixture of lo cc. of 
strong hydrochloric add and lo cc. of water, so as to dissolve the pre- 
dpitate still remaining, finally washing the filter with a little hot water. 
Warm the mixture in the beaker to dissolve all the ferric hydroxide, 
concentrate if necessary, by boilmg, to about 30 cc., and transfer the 
solution to an 8-oz. flask. Reduce with zmc and continue in the usual 
manner, as directed in 14. 

19. Decomposition of Silicates by Hydrofluoric Acid.—Sometimes 
the iron in a silicate, or a silidous residue remaining after add treat¬ 
ment, can be quickly dissolved as follows: 

Treat the substance in a small platinum dish with equal parts of 
strong pure hydrochloric and hydrofluoric adds. Warm gently until 
decomposition appears complete, adding more of the adds if necessary, 
and then add about 3 cc. of dilute sulphuric aad (i : 2) and evaporate 
to white fumes. To the cool residue add a little water and a few drops 
of hydrochloric add and warm to effect solution. If the material is a 
residue, transfer this solution to the flask containing the original fil¬ 
trate, make to a volume of about 40 cc., reduce with zinc, and finisVi as 
usual (14). If the material is the ore itself the operations are similar 
but 5 cc. of hydrochloric add must be added before reduction. When 
nitric add has been used in a preliminary treatment it should be 
expelled before filtration from Ae residue (13). The solution for 
reduction should have a volume of about 40 cc. and contain from 5 to 
10 cc. of free hydrochloric add. 

30 . 'Htaniferous Ores.—In case an ore contains an appreciable 
amount of titanic add it becomes impracticable to use zinc as a reduc¬ 
ing agent, dnce the Ti02 in solution is thereby reduced to TUOs 
(which imparts a purple or blue color to the liquid), and the latter is 
subsequently oxidized bade to TiOs again by the permanganate. 
Thus more permanganate will be required than corresponds to the 
amount of iron present 

With such titaniferous ores proceed according to 17,18 or 19, as 
appears most suitable for the case in hand, until the final solution is 
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obtained in tbe flask ready for reduction. The volxune should be 
about 40 cc. Cautiously add enough ammonia to produce a slight 
permanent precipitate of ferric hydroxide which persists even after 
vigorous shaking. Now add 5 cc. of a strong solution of ammonium 
add sulphite,* shake well, and then warm the flask gently. Ferric 
iron is reduced, while titanic add r emains unaffected. As the deep-red 
color fades, increase the heat gradually to the boiling-point. When 
quite colorless, add a mixture of 10 cc. of strong sulphuric add and 
20 cc. of water and continue the boiling imtil all odor of sulphur diox¬ 
ide has disappeared. Now place the flask in cold water and add cold 
water until the flask is nearly full. When the solution is quite cold, 
transfer it to a battery-jar, dilute to 700 cc., and titrate with perman¬ 
ganate as usual (8). 

21. Chrome Iron Ore.—^Treat as described in Chromicm, 2, 
except that a nickel or copper crucible must be used instead of an iron 
one. After the chromium is filtered off, the iron is left with the residue 
on the filter as ferric hydroxide. With as little hot water as possible 
rinse the residue from the filter into a small beaker. Place the latter 
under the funnel and dissolve whatever precipitate still adheres to the 
filter by slowly pouring through the latter a warm mixture of 10 cc. 
strong hydrochloric acid and 15 cc. water. Heat the mixture in the 
beaker to dissolve all the ferric hydroxide and then transfer to an 8-oz. 
flask, reduce with zinc, and determine the iron according to 14. 

22. Zinunerman-Reinhardt Method as Modified by Mixer and 
Dubois, t—^This modification of the permanganate method is exten¬ 
sively used in the Lake Superior region for the rapid determination of 
iron in the oxidized ores of that section. 

The following solutions are required: 

Stannous Chloride .—^Dissolve i lb. of stannous chloride in i lb. of 
strong hydrochloric add (1.2 sp. gr.) to which some water has been 
added, and dilute to 2 liters. 

EydrocMoric Acid of i.i Sp. Gr .—^Mix equal volumes of the strong 
add (1.2 sp. gr.) and water. 

Mercuric Chloride .—^Make a saturated solution in hot water, allow 
to cool and aystallize, and then filter. 

* Ammonium acid sulphite may be made by passing sulphur dioxide into strong 
ammonia water until the liquid becomes yellowish and smells strongly of sulphur dioxide. 
An old solution always contains some thiosulphate which will give a precipitate of sulphur 
with ferric salts. 

t Jour. Am, Chem. Soc., XVII, 405. 
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Manganese Sulphate ,—^Dissolve i6o grams in water and dilute to 
1750 cc. To this add 330 cc. of phosphoric acid syrup of 1.7 sp. gr. 
and 320 cc. of sulphuric acid, 1.84 sp. gr. This solution is to obviate 
the deleterious action of liberated chlorine when potassium perman¬ 
ganate is added to a hydrochloric acid solution containing ferrous iron.^ 
The phosphoric acid allows the formation of iron phosphate, which, 
being nearly colorless, renders the end-reaction more distinct. 

23. Treatment of an Ore.—^Treat 0.5 gram in a small covered 
beaker \\dth 2.5 cc. of the stannous chloride solution and 10 to 15 
cc. of the dilute hydrochloric acid. Boil the mixture very gently on an 
iron plate until the ore is completely decomposed. For ores running 
less than 53 per cent of iron it is advisable to use a little less stannous 
chloride. The solution of the ore is usually very rapid, requiring only 
a few minutes. 

When the ore is dissolved, run a few drops of stannous chloride 
from a burette into the hot solution until all the iron is reduced to the 
ferrous state, as indicated by the disappearance of the greenish-yellow 
color. If an excess of stannous chloride has been originally added, 
it is of course unnecessarj’ to add more. In any case, to avoid too 
great an excess of stannous chloride, which is undesirable it is advis¬ 
able to add a few drops of potassium permanganate solution to the 
reduced mixture to once more slightly oxidize the solution. The 
solution, in its slightly oxidized condition, should be kept warm until 
ready to titrate and then the final reduction made with a drop or two 
of stannous chloride, avoiding unnecessary excess. Now wash down 
the sides of the beaker and add, while stirring, 5 cc. of the mercuric 
chloride solution to take up the excess of stannous chloride. Have 
ready a soo-cc. beaker containing 6-8 cc. of the manganese sulphate 
solution and about 400 cc. of cold water. Wash the iron solution 
into this and titrate at once with potassium permanganate in the usual 
way. 

Ores containing organic matter, some magnetites, and pyxitous 
ores require the usual precautions. With ores containing very large 
amounts of organic matter, it is generally most advantageous to bum 
off directly and follow the regular method. Ores containing small 
amounts of organic matter and slightly pyritous ores are dissolved in 
hydrochloric acid and oxidized with potassium chlorate, after which the 
regular method is pursued- Heavy sulphides may be treated with 
nitric acid as described in 29^ and the hydrochloric add solution eventu- 
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ally obtained treated as above. Magnetites should be ground very 
fine in an agate mortar and then, if it is impossible to eftect complete 
solution, either the ore or the insoluble residue may be treated as 
described in 17. 

^In regard to the functions of the manganese sulphate, read the Remark 
beginning on page 562 in Hall’s translation of Treadwell’s “ Analytical Chemistry,” 
Vo1.il (Wiley & Sons, N.Y.) 

Some of the essential points in the Remark are as follow’s: 

Dilute permanganate solution does not decompose cold dilute hydrochloric 
acid in the absence of ferrous iron. When ferrous iron is present, however, decom¬ 
position occurs, with a noticeable evolution of chlorine. In the presence of only a 
^;jrric salt, under similar conditions, there is no decomposition. These facts indi¬ 
cate that there is no direct action of the permanganate upon the hydrochloric acid, 
and that decomposition of the hydrochloric acid is due to the intermediate forma¬ 
tion of a peroxide (FcoOs.) 

The presence of considerable manganous salt prevents the decomposition that 
would otherwise occur. It does this by combining 'w ith the excess of ox>’gen in the 
intermediate peroxide, more quickly than the oxygen can attack the hydrochloric 
acid. IVInOj is formed, which gives up i oxygen to ferrous iron to the end When 
the oxidation of the ferrous iron is complete, no more IMnOj ill be formed. 

If the concentration of the manganous salt is too low, the peroxide salt will 
decompose hydrochlorx acid: 

FeaOs + loHCl - 2FeCL-f 5H,0 4 - 2CI 


24. Dichromate Method.—The following solutions are required: 

Stannous Chloride .—This should be strongly acid and should con¬ 
tain about 15 grams of tin.and 350 cc. of strong hydrochloric acid to 
the liter. It may be made by dissohung the tin in the acid by the aid 
of heat and diluting. It is usually more convenient to prepare it 
from the crystallized stannous chloride as follows: Dissolve 14.5 grams 
of the crystals in 165 cc. of strong hydrochloric acid and dilute to 500 cc. 
Keep in a half-liter bottle in which a stick of pure tin is placed to pre¬ 
vent oxidation. One cubic centimeter of this solution will reduce 
about 0.015 of iron from the ferric to the ferrous condition. It 
will naturally become somewhat stronger as the stick of tin gradually 
dissolves in the acid liquid. 

Mercuric Chloride .—^Use a saturated solution and keep an excess 
of the crystals in the bottle. Such a solution will contain at least 60 
grams of mercuric chloride to the liter. About 1.2 cc. of this solution 
will oxidize the tin in i cc. of the above stannous chloride solution, 
at its original strength, to the stannic condition. 
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Potasdum Ferricyanide. —^This solution should be dilute, say o.i 
gram in 15 cc. of vrater. The exact strength is immaterial. It is 
best Tnnrlft frequently, or when required, in small quantity, as the solu¬ 
tion does not keep indefinitely. 

25. Standard Potassium Dichromate.—^This should contain 4.39 
grams of the pure salt per liter. On the basis of 0.5 gram of ore being 
talfpn for assay, i cc. of a solution of exactly this strength will equal 
I per cent of iron. This is shown by the equation 

6FeCl2+K.2Cr207+i4HCl "-»• 6FeCl3+2KCl+2CrCl3+7H20. 

Thus I molecule of potassium dichromate oxidizes 6 molecules of 
ferrous chloride to ferric chloride, or, i molecule of K2Cr207=6Fe. 
This corresponds to 294.2 parts of K.2Cr207 to 335.04 parts of Fe. 
Hence i per cent, or 0.005 gram of iron when 0.5 gram of ore is taken 
for assay, requires 0.00439 gram of K 2 Cr 207 . If this amount is con¬ 
tained in I cc. then the liter will contain 4.39 grams of K2Cr207. 

26. Standardize the dichromate solution as follows: Weigh care¬ 
fully 0.15-0.20 gram of the purest iron wire obtainable (see remarks in 
4 relative to the iron used for standardizing) and dissolve it in an 8-oz. 
flask in a mixture of 5 cc. each of strong nitric and hydrochloric acids. 
When the wire has dissolved add 5 cc. of strong sulphuric add and 
boil over a free flame (manipulating the flask in a holder) until the 
hydrochloric and nitric adds are eq)elled and most of the sulphuric 
also. Before adding the sulphuric add see that all salts are in solu¬ 
tion (if necessary adding more hydrochloric add), otherwise separated 
nitrates may not be completely decomposed. Allow to cool, add about 
30 cc. of water and 5 cc. of strong hydrochloric add and heat the mix¬ 
ture gently rmtil solution is complete. 

27. To the hot solution now add the stannous chloride solution 
cautiously until decolorization is complete, avoiding more than a slight 
excess. Transfer the reduced solution to a large beaker, washing out 
the flask with cold water. Add about 10 cc. of the mercuric chloride 
solution, pouring it in rapidly while stirring the mixture. If only a 
slight excess of stannous chloride was used, the 10 cc. of mercuric 
chloride will be ample and a white predpitate will be produced, but if 
the excess of stannous chloride was large the predpitate may become 
gray or black from the separation of metallic mercury. This discolora¬ 
tion should be watched for carefully, and if the faintest trace of it 
appears an abundance of the mercuric chloride solution should be 
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added at once. If this restores the pure white color the test may pro¬ 
ceed; otherwise it is spoiled and must be begun anew. 

The reactions involved are, first, 

sFeCls-f-SnCU sFeCk+SnCU* 

The stannous chloride thus reduces the ferric to ferrous chloride 
and becomes itself oxidized to stannic chloride. Tlie excess of 
stannous chloride added, when treated with sufficient mercuric 
chloride, is oxidized to stannic chloride as follows: 

SnCl2+2HgCl2~+ SnCU+Hg2Cl2. 

Mercurous chloride is produced, which is a white precipitate. 
If the excess of stannous chloride is large, however, so that the 
mercuric chloride added is insufficient for the last reaction, the follow¬ 
ing takes place: 

SnCl2+HgCl2 SnCU+Hg. 

The finely divided metallic mercury discolors the liquid. If 
more mercuric chloride be added at once, the mercurj- may frequently 
be taken into combination again: 

^Hg-f-HgCla^HgaCIo. 

The liquid therefore contains, as a final result, ferrous chloride, 
stannic chloride, mercuric chloride, and a precipitate of white mer¬ 
curous chloride. The only one of these compounds' affected by the 
dichromate in the subsequent titration is the ferrous chloride. 

28. The mixture in the beaker is now ready for the titration, 
which should proceed without delay, since after the mercuric chloride 
has been added there is nothing to prevent oxidation of the ferrous 
solution. Have ready a glazed porcelain tile either with or without 
depressions, a beaker or glass full of water in which is placed a glass 
rod, and also the test solution of potasaum ferricyanide. Run in the 
dichromate solution from the burette while stirring the iron solution, 
and from time to time place a drop of the latter on the porcelain and 
touch it with a drop of the ferricyanide. For the latter purpose use 
the rod placed in the glass of water, and after each test return it to the 
glass; it wiU thus be kept sufficiently washed. As long as a large 
amount of iron still remains in the ferrous condition the feniqranide 
wiU produce int^isely blue tests. In order not to be deceived in the 
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matter, endeavor to add a sufficiently large drop of the ferricyanide 
each time to combine and produce a blue color with all the ferrous 
chloride present in the test drop. Continue to thus run in the dichro¬ 
mate solution until the color of the tests becomes fainter. Proceed 
then with more caution, finally drop by drop, until a test is obtained 
that fails to show a blue tint after half a minute. In making the final 
tests use less and less of the ferricyanide, as the delicacy of the reaction 
depends upon having just about enough ferricyanide present to com¬ 
bine with the ferrous chloride stiU remaining, an excess producing an 
abnormal color that obscures the true end-point. Finally read the 
number of cubic centimeters used, and, from the weight of iron taken, 
calculate the value of r cc. in iron. 

Example .—Suppose o.^^ gram of iron wire, actually containing 
o.r697 gram of iron, were taken, and that 33.8 cc. of dichromate solu¬ 
tion were used. Then the value of i cc. is 0.1697-5-33.8, or 0.005021 
gram of iron. 

When 0.5 gram of ore is taken for assay, i cc. of the dichromate 
solution will equal r .004 per cent of iron. 

29. Treatment of an Ore.—^Take 0.5 gram of the ore. The method 
of decomposition wiU depend upon the nature of the sample. When¬ 
ever possible, hydrochloric add alone should be used. When the 
sample appears to be more or less of an oxidized nature always try 
hydrochloric add first, using 10 cc. and war ming the mixture in an 
8-oz. flask. Take all the time and add necessary, but do not boil 
violently, as this weakens the add and fails to effect as rapid a solu¬ 
tion as a gentler heat. If undecomposed sulphides remain, add r-2 cc. 
of strong nitric add and continue the heating. The final insoluble 
residue should be dean and white. If hydrochloric add alone effects 
a complete decomposition, boil the solution finally to pastiness, 
add about 30 cc. of water and then 5 cc. of strong hydrochloric add. 
These last operations are simply to insure about the proper propor¬ 
tion of add present for the succeeding steps. If nitric add has been 
used in the decomposition, first see that all soluble matter is still held 
in solution (otherwise adding more hydroddoric add), then add 5 cc. 
of strong sulphuric add and boil, preferably over a free flame, as nearly 
as possible to drjTiess, so as to expel most of the sulphuric add. It is 
very difficult, if not impossible, to completely decompose solid nitrates 
that have separated from the solution by concentration, by boiling 
with sulphuric add. After cooling, add about 75 cc. of water and 
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5 cc. of strong hydrochloric acid. It is unnecessary to heat the mix¬ 
ture to effect solution of the salts at this stage. 

Observe that whatever method of decomposition is employed there 
is finally obtained a solution or mixture containing about 5 cc. of free 
hydrochloric add. 

30. To the mixture in the flask add about 0.2 gram of pure cupric 
sulphate and see that it dissolves, or better, an equivalent amount 
of strong solution. Now add about 20 grams of pure, finely granu¬ 
lated test-lead, and boil gently to effect the reduction of the iron to the 
ferrous condition. The copper predpitates on the lead and prevents 
it from cohering in lumps. If the ore already contains sufiSdent 
copper it is of course unnecessary to add more. Avoid adHin g the 
lead to a boiling-hot solution or it will probably produce a sudden 
evolution of steam and overflow the flask. The iron is usually 
entirely reduced by about five minutes’ gentle boiling It is best to 
boil for a few minutes after the liquid has become completely decol¬ 
orized. The copper is thus all predpitated and any arsenic or anti¬ 
mony also removed from the solution Prolonged boiling causes the 
formation of too much lead chloride, which separates out and renders 
the solution difl&cult to filter. Filter boiling-hot, bringing the excess 
of lead upon the filter, and wash thoroughly wdth hot water. Receive 
the filtrate in a large beaker in which 5 cc of strong hydrochloric acid 
and 2 cc. of the prepared stannous chloride solution (24) have pre¬ 
viously been placed. The add is simply to insure sufiScient acidity 
and the stannous chloride is to reduce any ferric chloride that may 
possibly be present and keep it reduced. Stir the mixture in the beaker 
after filtration. As it contains a little stannous chloride the ferrous 
chloride will not become oxidized by standing a short time at this 
stage. 

31. The burette and other arrangements being ready (as described 
in 23), add 10 cc. of mercuric chloride solution (24) to the hquid in the 
beaker and titrate as described for the standardization of the dichro¬ 
mate solution (28). From the number of cubic centimeters of dichro¬ 
mate solution used and the known value in iron of i cc., calculate the 
percentage of iron in the ore. 

32. Silicates, Refractory Oxides, etc.—Decompose these sub¬ 
stances as described either in 17,18, 19 or 21, so as to finally obtain 
the iron in hydrochloric add solution containing about 5 cc. of the 
strong add. Proceed with this solution as described in 30. 
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33. Standard Methods for the Analysis of Iron.*— Determination 
of Silicon—1 gram of sample, add 30 cc. nitric add (sp. gr. 1.13); 
then. 5 cc. sulphuric add (cone.). Evaporate on hot plate until all 
fumes are driven off. Take up in water and boil until all ferric sul¬ 
phate is dissolved. Filter on an ashless filter, with or without suction 
pump, using a cone. Wash once with hot water, once with hydro¬ 
chloric add, and three or four times with hot water. Ignite, weigh, 
and evaporate with a few drops of sulphuric add and 4 or 5 cc. of 
hydrofluoric add. Ignite slowly and wdgh. Multiply the difference 
in weight by 04693. which equals the per cent of silicon. 

Determination of Sulphur. —^Dissolve slowly a 3-gram sample of 
d rilling s in concentrated nitric add in a platinum dish covered with 
an inverted watch-glass. After the iron is completely dissolved, add 
2 grams of potassium nitrate, evaporate to dr3mess and ignite over 
an alcohol lamp at red heat. Add 50 cc. of a i per cent solution of 
sodium carbonate, boil for a few minutes, filter, using a little paper pulp 
in the filter if desired, and wash with a hot i per cent sodium carbonate 
solution. Addify the filtrate with hydrochloric add, evaporate to 
dryness, take up with 50 cc. of water and 2 cc. of concentrated hydro¬ 
chloric add, filter, wash, and after diluting the filtrate to about 100 cc., 
boil and predpitate with bariiun chloride. Filter, wash well with hot 
water, ignite and weigh as barium sulphate, which contains 13.71 
per cent of sulphur. 

Determination of Phosphorus. —^Dissolve 2 grams sample in 50 cc. 
nitric add (sp. gr. 1.13), add 10 cc. hydrochloric add and evaporate 
to dryness. In case the sample contains a fairly high percentage 
of phosphorus it is better to use half the above quantities. Bake until 
free from add, redissolving in 25 to 30 cc. of concentrated hydrochloric 
add, dilute to about 60 cc., filter and wadi. Evaporate to about 
25 cc., add 20 cc. concentrated nitric add, evaporate until a filnn begins 
to form, add 30 cc. of nitric add (sp. gr. 1.20) and again evaporate 
until a film begins to form. Dilute to about 150 cc. with hot water 
and allow it to cool. When the solution is between 70® and 80® C., 
add 50 cc. of molybdate solution. Agitate the solution a few minutes, 
then filter ona tared Gooch crudble having a pap» di^ at the bottom. 
Wash three times with a 3 per cent nitric add solution and twice with 
alcohol. Dry at 100® to 105® C., to constant wd^t. The wd^t 
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multiplied by 0.0163 equals the per cent of phosphorus in a i gram 
sample. 

To make the molybdate solution add 100 grams molybdic add 
to 250 cc. water, and to this add 150 cc. ammonia, then stir until all 
is dissolved and add 65 cc. nitric add (sp. gr. 1.42). Make another 
solution by adding 400 cc. concentrated nitric add to 1100 cc. water, 
and when the solutions are cool, pour the first slowly into the second 
with constant stirring and add a couple of drops of ammonium phos¬ 
phate. 

Determination of Manganese .—Dissolve i.io grams of drillings in 
2$ cc. nitric add (sp. gr. 1.13), filter into an Erlenmeyer flask and wash 
with 30 cc. of the same add. Thai cool and add about 0.5 gram of 
sodium bismuthate until a permanent pink color forms. Heat until 
the color has disappeared, with or without the precipitation of man¬ 
ganese dioxide, and then add dther sulphurous add or a solution of 
ferrous sulphate until the solution is dear. Heat until all nitrous 
oxide fumes have been driven off, cool to about 15° C.; add an excess 
of sodium bismuthate—about i gram—and agitate for two or three 
minutes. Add 50 cc. water containing 30 cc. nitric add to the liter, 
filter on an asbestos filter into an Erlenmeyer flask, and wash with 50 
to 100 cc. of the nitric acid solution. Run in an excess of ferrous sul¬ 
phate and titrate back with potassium permanganate solution of equal 
strength. Each cubic centimeter of N/io ferrous sulphate used is 
equal to o.io per cent of manganese. 

Determination of Total Carbon .—^This determination requires con¬ 
siderable apparatus; therefore, in order to put as many obstades as 
possible out of the way of its general adoption, in cases of dispute your 
committee has left optional several points which were felt to bring no 
chance of error into the method. 

The train shall consist of a pre-heating furnace, containing copper 
oxide (Option No. i) followed by caustic potash (sp. gr. 1.20), then 
caldum chloride, following which shall be the combustion furnace in 
which either a porcelain or platinum tube may be used (Option No. 2). 
The tube shall contain 4 or $ inches of copper oxide between plugs of 
platinum gauze, the plug to the rear of the tube to be at about the 
point where the tube extends from the furnace. A roll of silver foil 
about 2 in. long dialTbe placed in the tube after the last plug of plat¬ 
inum gauze. The train after the combustion tube shaJl be anhydrous 
cupric sulphate, anhydrous cuprous chloride, caldum chloride, and 



122 


IRON 


the absorption bulb of potassium hydrate (sp. gr. 1.27) with prolong 
filled with caldum chloride. A calciiun chloride tube attached to the 
aspirator bottle shall be connected to the prolong. 

In this method a single potash bulb shall be used, a second bulb, 
as sometimes used for a counterpoise, being more liable to introduce 
error than correct error in weight of the bulb in use, due to change of 
temperature or moisture in the atmosphere. 

The operation shall be as follows: To i gram of well-mixed drillings 
add 100 cc. of potassium copper chloride solution and 7.5 cc. of hydro¬ 
chloric acid (cone.). As soon as dissolved, as shown by the disap¬ 
pearance of all copper, filter on previously washed and ignited asbestos. 
Wash thoroughly the beaker in which the solution was made with 20 cc. 
of dilute hydrochloric acid (1 : i), pour this on the filter and wash the 
carbon out of the beaker by means of a wash-bottle containing dilute 
hydrochloric acid (i : i) and then wash with warm water until all the 
acid is washed out of the filter. Dry the carbon at a temperature 
between 95® and 100° C. 

Before the apparatus is used a blank shall be run and if the bulb 
does not gain in weight more than 0.5 mm., put the dried filter into 
the ignition tube and heat the pre-heating furnace and the part of 
the combustion furnace containing the copper oxide. After this is 
heated start the aspiration of oxygen or air at the rate of three bub¬ 
bles per second, to show in the potash bulb. Continue slowly heat¬ 
ing the combustion tube by turning on two burners at a time, and 
continue the combustion for thirty minutes if air is used; twenty 
minutes h oxygen is used. (The Shimer crucible is to be heated with 
a blast lamp for the same length of time.) 

When the ignition is finished turn off the gas supply gradually 
so as to allow the combustion tube to cool off slowly and then shut off 
the oxj’gen supply and aspirate with air for ten minutes. Detach 
the potash bulb and prolong, dose the ends with rubber caps and 
allow it to stand for five minutes, then weigh. The increase in weight 
multiplied by 0.27273 equals the percentage of carbon. 

The potassium copper dfforide shall be made by dissolving i lb. 
of the salt in i liter of water and filtering throu^ an asbestos 
filter. 

Option No. I. —While a pre-heato: is greatly to be desired, as only 
a small percentage of laboratories at present use them it was dedded 
not to make the use of one essential to tliis method; subtraction of the 



STANDARD METHODS FOR THE ANALYSIS OF IRON 


123 


weight of the blank will, to a great extent, eliminate any error which 
might arise from not using a pre-heater. 

Option No. 2.—The Shimer and similar crucibles are largely used 
as combustion furnaces, and for this reason it was decided to make 
optional the use of either the tube furnace or one of the standard 
crucibles. In case the crucible is used it shall be followed by a copper 
tube 3/16 in. inside diameter and 10 in. long, with its ends cooled by 
water jackets. In the center of the tube shall be placed a disk of 
platinum gauze, and for 3 or 4 in. in the side towards the crucible shall 
be silver foil and for the same distance on the other side shall be copper 
oxide. The ends shall be plugged with glass wool, and the tube 
heated with a fish-tail burner before the aspiration of air is started. 

Graphite ,—^Dissolve i gram of sample in 35 cc. of nitric acid (sp. gr. 
1.13), filter on asbestos, wash with hot water, then with potassium 
hydrate (sp. gr. i i), and finally with hot water. The graphite is 
then ignited as specified in the determination of total carbon. 
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LEAD 

Many methods have been proposed for the technical determination 
of lead in ores, etc. The following method, which is the result of 
much patient experiment, is in daily use in my laboratory. This 
anH the pe rmangana te method are my preferences. 

1. Chromate Method.^—Prepare the following solutions: 

Extraction Solution .—Make a cold saturated solution of com¬ 
mercial sodium acetate in distilled water and filter it. Mix i volume 
with i§ volumes of distilled water and add to the mixture 25 cc. 
of glacial acetic add per liter. Used nearly boiling in a wash- 
bottle. 

Hydrochloric Acid Mixture .—Make a cold saturated solution of 
table salt in distilled water and filter it. To i liter of the fiiltrate 
add 150 cc. of distilled water and 100 cc. of strong hydrochloric add. 
Used cold in a wash-bottle. 

Potassium Bichromate.—K cold saturated solution of the powdered 
commercial salt in distilled water. Filter, or allow to settle. 

Starch Solution .—See Copper, 3. 

2. Treatment of an Ore.—^Wdgh 0.5 gram of the ore into an 8-oz. 
fiask. It is usually best to begin the treatment with 20 cc. of strong 
hydrochloric add and heat gently until all iron oxide, etc., is in solu¬ 
tion. This will also decompose galena and expel the hydrog^ sul¬ 
phide. If sulphides remain that resist hydrochloric add, add 5 cc. of 
strong nitric add and continue the heating. Finally, if necessary, 
add 5-10 cc. more hydrochloric add and again heat, to bring all the 
lead chloride into solution. 

3. Decomposition and solution having been satisfactorily effected 
add 5 cc. of strong sulphuric add and boil, finally, over a free flame, 
until the white fumes are coming off copiously. Cool, add about 30 cc. 
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of water and heat to boiling. Allow to stand, hot, until the anhydrous 
ferric sulphate usually present has dissolved. Now add lo cc. of 
alcohol (either grain or wood) and then cool to room temperature, 
or cooler, and filter through a 9-cm. filter. (The alcohol is not 
absolutely essential except for the low percentages, say below 10 
per cent lead.) Wash the precipitate with cold dfiute (i-io) sulph¬ 
uric acid at least four times. Give the flask a final rinse with cold 
water. 

4. Now open the filter carefully and spread it in the funnel. 
Wash the precipitate from it into the flask again with a jet of hot 
water, using as little as possible. Have about 25 cc. of extraction 
solution in a small beaker. Drop the filter into this and heat to boil¬ 
ing. Stir the paper about in the hot liquid so as to shred it as~much 
as possible. This is to dissolve every trace of lead sulphate still 
adhering to the filter. Moisten a small wad of absorbent cotton 
placed in the apex of the fuimel and pour the mixture in the beaker 
through it into the flask, rinsing out the beaker wdth hot water. Now, 
continue to wash the cotton with hot water, but do not allow the 
filtrate to reach a greater volume than about 150 cc. When the liquid 
is heated at this stage any separated or undissolved lead sulphate 
(except as below) will go into solution. 

5. The procedure described in 4 suffices in the great majority of 
cases, but when barium is present some of the lead sulphate may fail 
to dissolve; therefore, when barium is known to be present, or in case 
of doubt, proceed as follows: Without removing the filter, rinse the 
lead sulphate back into the flask with a jet of hot watery using as little 
as possible. Lift the fold of the filter to catch any deposit under¬ 
neath. Add 10 cc. of hydrochloric add to the mixture in the flask and 
then boil to pastiness, almost to dbyness. Now add about 25 cc. of 
extraction solution and boil. Continue to add extraction solution, 
while boiling, until all the lead sulphate has dissolved, avoiding 
unnecessary excess. Filter throu^ the last filto: into an 8-oz. flask 
and wash with hot water until the filtrate has reached a volume of 
about 150 cc. It is a good plan to have a similar flask, with a mark on 
it for comparison, so as to always obtain, approximately, the ri^t 
volume. 

6. Having obtained a solution of the lead sulphate, by procedure 
4 or 5, dilute, if necessary, to a volume of approximatdy 150 cc. with 
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hot water, and heat to boiling. Add to the boiling solution, prefer¬ 
ably with a pipette, lo cc. of the prepared potassium dichromate 
solution. Boil the mixture very gently for about seven m inutes. 
This is necessary to eiisure a fixed constitution for the lead chromate, 
which is not quite normal. Longer boiling does no harm. Now 
filter through an ii-cm. filter. Wash out the flask with hot water 
and then wash the filter and precipitate ten times with a hot dilute 
solution of sodium acetate (50 cc. of a cold saturated solution of the 
commercial salt diluted to 1 liter), using about 5-6 cc. each time. 
Now again place the dean flask under the funnel, and, with a jet of 
the cold hydrochloric add mixture, stir up and dissolve the predpitate 
on the filter and continue washing with the same mixture until all the 
residue and every trace of color are removed from the filter. Use at 
least so cc. of the mixture in any case, in order that the subsequent 
reactions may have the proper conditions. Wash the filter finally 
with cold water, or at once dilute the filtrate until the flask is half fuU. 
Either one of two procedures is now to be followed, according to the 
amoxmt of lead apparently present. 

7. With Not Over 20 Per Cent Lead .—Add 2 cc. of a 50 per cent 
solution of potassium iodide, mix and titrate at once (to avoid possible 
loss of iodine by volatilization) with a standard sodium thiosulphate 
solution until the brown color becomes faint; then add sufi&dent 
starch solution to produce a strong blue color and finish the titration 
very slowly, finally drop by drop, until the solution becomes a clear 
pale green with no tinge of blue. The end-point is very sharp and 
care must be exercised or it may easily be passed. It is best to have a 
white STurface imder the flask. 

8. With Over 20 Per Cent Lead .—^Pour all but about 25 cc. of the 
liqiud in the flask into a beaker. To the solution stiU remaining, add 
about 25 cc. of the hydrochloric add mixture and 2 cc. of the above 
potassium iodide solution. Mix and titrate at once with the standard 
thiosulphate until the brown color has become faint. Now add a 
portion of the solution reserved in the beaker and again titrate to a 
faint brown color. Continue thus until the last of the reserved solution 
has been rinsed into the fladc; then finish the titration as in 7. In 
pouring from the beaker it is best to use a glass rod, so as to avoid 
having to wash the lip each time and unnecessarily increasing the 
volume of liquid in the flask, otherwise the latter may become incon- 
vaiiently full. 
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9. Standardize the thiosulphate solution on pure lead. The 
thiosulphate solution used in the iodide copper method and contain¬ 
ing about 19.5 grams of the crystallized salt per liter is satisfactorj- for 
lead. Convert about 0.2 gram of pure lead foil to sulphate by boiling 
in an 8-oz. flask with 6 cc. of strong sulphuric add. Cool, add 30 cc. 
of water and boil for a moment. Now add 10 cc. of alcohol and cool 
to room temperature under the tap. Filter off the lead sulphate, 
washing in the usual manner, and continue as described for ores (4). 
Titrate as described in 8. 

One cc. of the thiosulphate will be found to equal a little more 
than 0.005 of load, or something over i per cent on the basis of 
0.5 gram of ore taken for assay. The copper value of the thiosulphate, 
multiplied by 1.076, will give a dose approximation to the lead value. 

Notes .—^The final solution is not a very good solvent for iodine, 
and therefore, if much is liberated at once, there is danger of loss by 
volatilization. To avoid this, the procedure described in 8 for the 
higher percentages of lead has been found the best. 

The amount of potassium iodide prescribed is much more than 
theoretically required in any case, but it is never safe to use less, as 
the reactions are then liable to proceed too slowly. 

Testing the completeness of the extraction is rarely necessarj', 
as the solution of all the lead sulphate is usually easily seen. 

Prepare only a wash-bottleful of the dilute sodium acetate wash 
at a time, as, unless the solution is heated frequently, a fungus growth 
develops that will dog the filter. 

If the end-point be passed in titrating, it may be '• brought back ” 
with a dilute solution of potassium dichromate or permanganate, of 
which the comparative value need not be knowm. Simply run in 
from a burette a measured number of drops until the blue color 
returns; titrate once more and take reading. Now again run in the 
same number of drops of the correction solution as before and again 
finish the thiosulphate titration and read the burette. Subtract the 
difference between 1 he two readings from the first one to obtain the true 
end-point for the lead. 

If, in titrating by portions, as in 8, the end-point be sli^tly 
passed with any ol the portions, no appreciable error wiU be intro¬ 
duced if more of the reserved solution be quiddy added, as the thio¬ 
sulphate solution is decomposed only very slowly by the add mixture. 

The constitution of the lead chromate is a vital point. It depends 
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upon the various conditions of heat, acidity, etc. By operating as 
described, differences in constitution are minimized and a slightly 
acid chromate of practically constant composition is obtained. The 
normal chromate, under the conditions obtaining, is difficult to main¬ 
tain as such. 

Bismuth in small amount does not interfere. With several per 
cent present, some may remain as basic sulphate with the lead sulphate 
and produce high results. If bismuth is suspected it may be removed, 
just before the lead chromate is filtered, by adding about 2 grams of 
citric acid dissolved in a little hot water. Any bismuth chromate will 
go into solution at once. Filter without delay. 

^In this method the lead is eventually precipitated as chromate, PbCrO*. 
This is then decomposed by hydrochloric add, as follows: 

PbCr 04 + 2 HCl PbCh+CrOs+HaO. 

Potassium iodide is now added, which the chromic add decomposes with the lib¬ 
eration of iodine, according to the reaction, 

CrOs+bHCl+sKI ^ CrCl3+3KCl+3H20+l8. 

The iodine is titrated with thiosulphate. 

The above reactions show that Pb = Cr03, and, as Cr 03 =l 3 , then Pb«Is. 
In the titration, the reaction between the thiosulphate and iodine is, 

2(Na2S203) +I2 2NaI =Na2S406. 

The latter salt is sodium tetrathioanate. This reaction shows that Na2S203=I; 
therefore, 3(Na2Ss03) =Pb. 

The formula of the crystallized thiosulphate is Na2S203-h5H20, and its molecu¬ 
lar weight is 248.2. Accordingly, 3(248,2) parts by weight of the crystallized 
salt = 207.2 parts of Pb. As 0.005 gram = i per cent of Pb, we have the proportion, 

744.6 : 207.2 ssjc: 0.005. »=0.01797, 

This is the weight of the thiosulphate, in grams, to be contained in i cc., to be equal 
to I per cent of Pb. This gives 17.97 grams per liter. This theoretical strength 
does not apply in the actual analysis. With a known amount of pure lead it 
would appear slightly weak. As there are inevitable losses of lead in the process, 
due to the slight solubility of the sulphate and chromate, the solution should 
appear slightly strong, rather than weak. The explanation is that the lead 
chromate predpitate is not the normal PbCr04, but a slightly add chromate. 
The slight excess of chromic add more than coimterbalances any loss of lead. 
More thiosulphate is required than would appear necessary, and therefore a solu¬ 
tion based on the assumption that the PbCrOi is normal would appear weak. 

An approximately correct solution, standardized empirically, is all that is 
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necessary. If the thiosulphate solution used for coppa; determinations is at 
it may be employed. Once the operator, according to his personal manipulation, 
has established the relation between copper and lead in the thiosulphate titration, 
no further standa r diz in g against lead is necessary. Simply standardize for copper 
by the permanganate method (see Copper, 4 ) and multiply by the proper factor 
as determined. This factor may vary sli^tly with difierent operators. 


10. Permanganate Method.*—This is a very satisfactory method 
in the absence of large amounts of calcium. As much as lo per cent 
of CaO, however, does not interfere, as this amount of CaO, as sul¬ 
phate, is soluble in the loo cc. of acid liquid from which the lead 
sulphate is filtered. Larger amounts of CaO could undoubtedly be 
provided for by still greater dilution at this point, without serious 
effect in dissolving lead sulphate. Barium sulphate is not greatly 
affected by the chemical transformations, and what goes through to 
the end is sufficiently soluble, as oxalate, to remain in solution. At 
the outset, however, barium and lead form more or less of a double 
sulphate, in which the lead fails to be completely converted to car¬ 
bonate. This would produce low results, were it not for the hydro¬ 
chloric acid treatment of the sulphates, described below”, which 
breaks up the compoimd. 

11. Procedure.—^Decompose 0.5 gram of the ore in an 8-oz. flask 
as described in 2. Decomposition having been effected, add 6 cc. of 
sulphuric add and boil to strong fumes. Allow to cool, add 100 cc. of 
cold water and heat to boiling. Remove from the heat, add 10 cc. of 
alcohol (grain or wood), cautiously, and cool under the tap. Fold a 
9-cm. filter, taking particular care to crease the fold that will come 
next to the predpitate as thin as possible, so it will lie flat and not 
easily allow material to get under the edge. Filter the cold mixture 
throu^ this, returning the first portions of the filtrate if not clear. 
Wash six times with cold watar containing 10 per cent of alcohol.- 
Any traces of lead sulphate remaining in the flask will be recovered 
subsequently. 

12. With a jet of hot water, using as little as possible, rinse the 
predpitate from the filter, through a short fimnel, back into the flask. 
(In the known or assumed presence of barium, interpolate the following 
short procedmre: Add 10 cc. of strong hydrochloric add and boil over a 
free flame nearly to dryness. Allow to cool, add 20 cc of water and a 

* A. H. Low., Jotir. Am. Qiem. Soc., XV, sso* Modified. 
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few drops of aiiiinoma, sufficient to neutralize the acid.) Place the 
flask again under the original funnel and pour through the filter lo cc. 
of a cold saturated solution of ammonium carbonate. Remove the 
flask and heat the contents just to boiling, then cool completely under 
the tap. Pour the cold mixture through the original filter. The 
filtrate is to be rejected. Wash out the flask well with cold water, 
pouring through the filter, and then wash filter and precipitate ten 
times with cold water containing about 5 per cent of the ammonium 
carbonate solution. 

13. Again using a jet of hot water, wash the precipitate from the 
filter into a small beaker. Add 5-6 cc. of glacial acetic acid and two 
or three drops of ammonia and heat to boiling. Replace the flask 
under the funnel and pour the hot acid mixture through the filter. 
Wash out the beaker with hot water and then wash the filter ten times 
with hot water slightly acidulated with acetic acid. (Small amounts 
of lead carbonate may be dissolved directly upon the filter without 
pre\dous transference to a beaker.) 

14. Add to the filtrate 10 cc. of a cold saturated solution of oxalic 
acid, heat to boiling and then cool completely, under the tap. Be 
particular to get as cold as possible. Now filter the lead oxalate 
through a 9-cm. filter. Using cold water, wash out the flask thor¬ 
oughly and then wash filter and precipitate ten times. 

15. Place about 25 cc. of cold water in the flask, add 5-6 cc. of 
sulphuric acid and then about 100 cc. of hot water. Drop in the filter 
and precipitate- Wipe out any lead oxalate adhering in the funnel 
with a small piece of filter-paper and drop into the flask. Heat the 
acid mixture nearly to boilmg and then titrate it with standard 
potassium permanganate solution to a faint pink tinge. Calculate 
the result from the known lead value of the permanganate. 

16. The permanganate xised for iron titrations will serve, although 
rather strong for lead. Theoretically, 1.857 times the Fe factor will 
give the Pb factor. Owung to slight losses of- lead in the process an 
empirical factor must be used. This is 1.861 times the Fe factor. 
Based on this factor and on 0,5 gram of ore taken for assay, i cc. of 
a permanganate solution containing 1.524 grams per liter will equal 
I per cent lead. 

17. The permanganate may be standardized directly on lead as 
follow^s: Convert about 0.250 gram of pure lead-foil to sulphate by 
boiling with 6 cc. of sulphuric acid. Continue according to the entire 
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above process. Finally, divide the percentage value of the lead 
taken by the cubic centimeters of permanganate required, to obtain 
the percentage value of i cc. in lead. A comparison of this figure 
with the Fe value of the permanganate may be made, to check the 
conversion factor given above. The personal equation may make a 
slight difference.^ 


1 In this method the lead is first separated as sulphate, the sulphate is con¬ 
verted to carbonate and then the latter is dissolved in acetic acid, from which 
solution the lead is precipitated as oxalate The separated oxalate is decomposed 
by sidphuric acid, setting free oxalic add which is then titrated with perman¬ 
ganate. Thus the oxalic acid determined is a measure of the lead with w^hich it 
was combined 

The formula for lead oxalate is Pb 04 C 2 The reaction w^th sulphuric add is, 
PbO 1C2 +H2SO4 PbS 044 -H 204 C 2 . Every molecule, then, of oxalic acid set free 
is equivalent to i Pb. 

In the titration, the oxalic acid is oxidized to carbon dioxide and water, as 
follows* H20iC2-i-0 —> 2CO2+H2O This shows that every H2O4C2 requires one 
0 , or, =0 As H2O4C2 is equivalent to Pb, then Pb * 0 . 

When ferrous iron is oxidized by permanganate, FeO is changed to FejOo, as 
follows* zFeO, or, Fe 202 , + 0 =Fe 208 This shows than Feo = 0 . As Pb - 0 , then 
Fe2-Pb. That is, 111.68 parts by weight of Fe = 207 2 parts of Pb, or, i part of 
Fe = 1.857 parts of Pb. This is the theoretical factor for converting the Fe value 
of I cc. of the permanganate to the Pb value. 


18. Alexander’s Method, Modified.—^Alexander’s method, or 
some modification of it, is the one most commonly employed in 
western smelting works. The principal objections to it that I have 
noted are the difficulty of accurately determining very low per¬ 
centages of lead, on account of the slowness of the reactions in such 
cases, and the occasional failure to obtain checking results or satis¬ 
factory end-points with the higher percentages, for no apparent 
reason. The following modification was long used in my laborator3^ 
Treat 0.5 gram of the ore precisely as described in 2 and 3 and 
extract the lead sulphate as described in 4. Add to the filtrate in the 
flask an excess of ammonium sulphide. It is a good plan, although 
not essential, to first add a little ammonia to neutralize the acid and 
prevent separation of sulphur. Boil for a moment to coagulate the 
lead sulphide and then filter and wash with hot water. These opera¬ 
tions entirely remove any caldum sulphate. 



132 


LEAD 


19. The lead sulphide is still almost certain to contain a little iron. 
This iron is originally retained by the lead sulphate. If allowed to 
remain it tends to obscure the end-point of the subsequent titration 
by producing a color with the tannic acid used for testing. It is best, 
therefore, to remove any possible iron in every case as follows: pour 
through the precipitate on the filter a mixture of 5 cc. of the dilute 
(i : i) sulphuric acid and 15 cc. of strong hydrogen sulphide water, 
and then wash with cold water. 

20. Now drop filter and contents into the flask and add 5 cc. of 
strong hydrochloric acid. Boil the mixture, best by manipulating 
the flask over a small free flame to prevent bumping, to convert the 
lead to chloride and expel hydrogen sulphide, the filter meanwhile 
becoming well disintegrated. If 5 cc. of add prove insuffident to 
entirely decompose the lead sulphide, add a little more, but avoid 
using a large ®cess. In any case, boil off half or more of the add and 
then, to the hot mixture, add 2-3 drops of strong nitric add to oxidize 
any unexpelled hydrogen sulphide. Now add 25 cc. of cold water, 
then a few drops of litmus solution as an indicator, and then cautiously 
add ammonia in very slight excess. Finally, make distinctly add 
with acetic add. 

21. Heat the mixture in the flask to boiling, dilute to about 
200 cc. with boUing-hot water, and titrate with the standard ammo¬ 
nium molybdate solution as follows: Pour about two-thirds of the hot 
lead solution into a large beaker and run the molybdate solution into 
it from a burette until a drop from the beaker, when placed on a 
glazed porcelain plate and touched with a drop of a solution of tannic 
add (about o.i gram dissolved in 20 cc. of water), gives a brown or 
ydlow tinge. Now add more of the lead solution from the flask and 
continue the titration until the end-point is again passed. Continue 
thus to approach the true end-point, using more caution each time. 
Finally, when only a few cubic centimeters remain in the flask, pour 
the entire mixture in the beaker into the fla«;k and then back into the 
beaker again and finish the titration 2 drops at a time. When the 
final ydlow tinge is obtained, some of the iTn-m e.flia.tdy preceding 
tests may have developed a tinge also. From the reading of the 
burette deduct the volume of 2 drops for each test thus showing a 
color. Multiply the corrected reading by the percentage value of 
I cc. of the molybdate solution in lead to obtain the percentage of lead 
in the ore. 



STANDARD MOLYBDATE SOLUTION 


133 


22. Standard Molybdate Solution.—^This should contain about 
4.26 grams of ammonium molybdate per liter, in order that when 0.5 
gram of ore is taken for assay i cc. shall equal about i per cent of lead. 

Standardize as follows: Weigh carefully about 0.2 gram of pure 
lead foil and dissolve in an 8-oz. flask by wanning with a mixture of 
2 cc. of strong nitric add and 4 cc. of water. WTaen dissolved, boil 
nearly or quite to dryness, add about 30 cc. of water, and see that all 
the lead nitrate dissolves. Now add 5 cc. of strong sulphuric add, 
boil the mixture a moment, cool to room temperature, and allow to 
stand and settle a short time. Filter and wash with dilute (i : 10) 
sulphuric add. Proceed with the filtered lead sulphate precisely 
as described for the assay of an ore (in 18 et seq.), except that the puri¬ 
fication of the lead sulphide described in i{) may be omitted. I 
formerly dissolved the lead sulphate directly in a hot solution of ammo- 
m'um chloride and acetate and titrated at once. It was observ'ed, 
however, that the large amount of ammonium salts necessarj' to effect 
complete solution of the lead sulphate hindered the separation of 
lead as molybdate during the titration, and the end-point was not as 
sharp as that obtained by the method described. 

Divide the weight of lead taken by the number of cubic centi¬ 
meters of molybdate solution used. TUs will give the weight of lead 
corresponding to i cc. of molybdate. From this figure calculate the 
percentage value of i cc. on the basis of 0.5 gram of ore taken for assay. 
One cc. of the molybdate solution should thus equal about 0.005 gram 
of lead, or about i per cent. 

23. Shorter Method for Ores containing Little or No Calcium.— 
Alexander’s original method did not sufficiently provide for the pres¬ 
ence of calcium, which, is a frequent constituent of lead ores. It was 
partially to avoid this source of error that the method was modified as 
above. Calcium forms a molybdate which is more or less insoluble 
iind<>r the conditions of the titration and tends to raise the results in a 
rather irregular manner. When it is known to be absent or present 
only in small amount (as may frequently be noted from the appear¬ 
ance of the lead sulphate on the filter), the above process may be 
shortened as follows: 

24. Begin as usual and proceed until the washed lead sulphate 
precipitate is obtained on the filter. Place the precipitate and filter 
in the original flask, add 10 cc. of strong hydrochloric add and boil 
until the filter is well disintegrated, then add 15 cc. of strong hydro- 
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chloric add, 25 cc. of cold -vrater and 25 cc. of strong ammonia water. 
Now color with a little litmus solution, make slightly alkaline with 
ammonia if not already so, and then make distinctly add with strong 
acetic add. Heat to boiling and see that the lead sulphate is entirely 
dissolved, then dilute to about 200 cc. with boiling-hot water and 
titrate as preAdously described (21). 

25. Even in the absence of caldum this method is liable to be 
unsatisfactory. The lead sulphate precipitate will frequently retain 
iron that cannot be dissolved or washed out, but which finally goes 
into solution with the lead sulphate and gives a color with tannic acid 
on the test-plate. The large amount of salts present also obscures 
the end-point and hinders the predpitation of the lead molybdate. 
This is especially noticeable with very low-grade ores. Except, 
therefore, for hasty approximate results, it is generally best to use the 
somewhat longer method first given. 

26. Ferrocyanidfe Method.*—^This method gives very good results 
and is preferred by some chemists. 

It is better to start with i gram, rather than 0.5 gram of the ore. 
Decompose in an 8-oz. flask predsely as described for the chromate 
method (2). Continue as there directed until the washed mixture of 
lead sulphate and gangue is obtained on the filter. The last two 
washings should be with pure water, to remove most of the add. See 
that the filter is well creased, so as to lie as flat as possible and prevent 
soUd matter from getting under the fold. Place a funnel in the orig¬ 
inal flask (whidi should be free from add) and rinse the contents 
of the filter (without ranoving it from its funnd) into it as com¬ 
pletely as possible with cold water. Not more than 50 cc. of water 
need be used. Add 10 cc. of a cold saturated solution of commerdal 
ammonium carbonate, pouring it through the original filter, and heat 
the mixture to boiling. The heating is necessary to ensure the com¬ 
plete conversion of any possible caldum sulphate to carbonate. Cool 
to ordinary temperature, under the tap or 0 Aerwise, and filter through 
the original filter, washing flask and predpitate thoroughly with cold 
water. Place in the flask some dilute acetic add, equivalent to a mix¬ 
ture of about s cc. of the glacial add and 25 cc. of water, and have it 
heating while the filter is bdng washed. The fla.sk usually con¬ 
tains a snoall reddue of lead carbonate which is thus recovered. 
Place the filter and contents in a large beaker and add the boiling hot 
* A. H. Low., Jour. Am. Chem. Soc., XV, p. SS®- 
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acetic add. Stir the mixture about until the carbonates are entirely 
dissolved, heating if necessary. Dilute with about loo cc. of cold 
water and the solution is ready for titration with standard potassium 
ferrocyanide solution. The end-point is indicated by the usual brown 
tinge when a drop is tested on a porcelain plate with a drop of a sat¬ 
urated solution of uranium acetate. Reserve a portion of the solution 
and titrate the main body rapidly until the end-point is passed; then 
add most of the reserved portion and titrate with more caution until 
the end-point is once more passed. Finally rinse in the balance of 
the reserve and finish the titration 2 drops at a time, stirring well 
after each addition. When the final brown tinge is thus obtained, 
allow a little time for the immediately pre^ious tests to develop and 
then deduct from the burette reading an amount equal to 2 more 
drops than are indicated by the tests, as a solution containing no lead 
shows the test only after the addition of the third drop of ferrocyanide. 

27. The standard ferrocyanide should contain about 10 grams of 
the crystallized salt to the liter. ^ On the basis of i gram of ore taken 
for assay, i cc. of this solution will equal about i per cent lead. It is 
standardized on 0.3 to 0.4 gram of pure lead, reduced from the acetate. 
This is converted to sulphate by boiling with about 7 cc. of strong sul¬ 
phuric acid, and put through the entire process. 

28. While the above method answers in ordinar}' cases, in order 
to provide against bismuth and antimony (the basic sulphates of which 
might cause trouble), the following modification may be adopted: To 
the sufficiently cool residue of the sulphuric acid evaporation add 10 cc. 
of dilute sulphuric acid (i : 10) and about 2 grams of Rochelle salt. 
When this has dissolved, add 40 cc. of water, heat to boiling and 
proceed as usual. 

Calcium does not interfere with this method except by the slight 
solvent action exercised by calcium acetate on the browm uranium 
acetate of the test. Thirty per cent of CaO in an ore, however, occa¬ 
sions no serious trouble. Calcium sulphate must not be allowed in 
the acetate solution, as it might occasion a loss of lead by precipita¬ 
tion as sulphate. 


^ One molecule of potassium ferrocyanide, E!4Fe(CN)e, precipitates 2 atoms of 
Pb as ferrocyanide, PbjFe(CN) 0 The crystallized potassium ferroqranide has the 
formula E[4Fe(CN)«-l-3HiO and its molecular wdght is 422.366. This is equal to 
aPb, or 414.4 parts by weight* This makes i per cent Pb, or, 0.01 gram, =o.oioip 
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gram of ferrocyanide, the amount to be contained in i cc. to equal i per cent Pb, 
or, 10.19 grams per liter. 


29. Decomposition of Refractory Material.—Metallurgical prod¬ 
ucts, such as antimonial slags, may obstinately resist the ordinary 
methods of attack. In such cases try the following plans. First A, 
an d then, if that fails, try B. The latter is more troublesome but will 
probably succeed in almost any case. 

A. Treat 0.5 gram of the finely ground material precisely as 
described in Antimony, 2. With oxidized material the piece of 
filter paper is very essential. It causes a reduction of antimony to the 
ous condition and thus promotes its solution. In the presence of 
much sulphur or carbon the paper is unnecessary. To the cool melt 
add 5 cc. of sulphuric add, 10 cc. of water and 5 cc. of hydrochloric 
add. Boil to strong fumes. Cool, add 30 cc. of water, heat to boil¬ 
ing and then maintain hot, but not boiling, with occasional agitation, 
until the soluble salts, induding any anhydrous ferric sulphate, are 
aU dissolved. Add 10 cc. of alcohol, cool under the tap, filter and wash 
the lead sulphate as usual and proceed with it according to the method 
selected. If the permanganate method is to be employed, dilute with 
100 cc. of water instead of 30. 

J 3 . Employ the peroxide fusion, as described for chrome iron ore 
(CHnoMUJM, 2, 3). If sulphides or carbon are present, modify the 
method by the addition of sodium carbonate to prevent too violent 
action, as described in Molybdendm, i. In either case proceed to the 
point where the crucible has been removed from the solution of the 
melt Cover the casserole and boil to a bulk of 100 cc. or less. Now 
transfer the mixture to an 8-oz. flask, retaining any scales of iron oxide 
in the casserole, cleansing them by several slight additions of water and 
decanting. Cool the mixture in the flask, acidify slightly with sul¬ 
phuric add (avoiding loss by effervescence) and then add $ cc. in 
excess and 10 ca of alcohol. Cool under the tap, filter off '^e lead 
sulphate and treat it as usual. 

30. Detennination of Lead in Fixe Assay Button.—Hammer or 
roll the button out thin and wd^ 0.250 gram. Transfer to an 8-oz. 
flask and convert to sulphate by bofling with 6 cc. of sulphuric add. 
Cool, dilute with 30 cc. of water and continue as with an ore. 
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1. Method for Ores, etc.—Treat 0.5 gram of the ore in an 8-02. 
flask with 10 cc. of strong hydrochloric acid, heating gently, avoiding 
boiling, to dissolve oxides, etc. Then, if sulphides are also present, 
add 5 cc. of strong nitric acid and continue the gentle heating until 
they are decomposed. Now boil to dryness to expel the acids (and 
render any separated silica insoluble). Warm the residue with 25 cc. of 
water and i or 2 cc. of strong hydrochloric acid, to effect solution of the 
salts, then transfer to a beaker, dilute to about 150 cc. with cold water 
and pass in hydrogen sulphide gas to remove copper, lead, etc. Filter, 
washing with dilute hydrogen sulphide water, and receive the filtrate 
in a large casserole (5! in.). Now add 5 cc. of strong hydrochloric 
acid (to provide for the formation of sufficient ammonium chloride to 
prevent the subsequent precipitation of alkaline earths as carbonates), 
then 15-20 cc. of strong bromine water to oxidize the iron and remove 
manganese, and finally make alkaline with ammonia. Boil for a few 
moments, allow to settle somewhat, and then filter, washing with hot 
water. Reserve the filtrate. Continue from this point as described 
for calcium in Calcium, 2 and 3, xmtil the filtrate from the calcium 
oxalate is obtained, or the combined filtrates, if two precipitations 
were made. 

2. In my own laboratory, for ordmary technical work, especially 
when the amoimt of magnesium is supposed to be small, this filtrate 
is concentrated considerably by boiling in a large porcelain casserole 
and the magnesium is then precipitated by Handy’s method (10). 
The precipitated magnesium ammonium phosphate is then ignited 
and weighed as Mg2P207, as described in 4. 

For more exact results proceed as follows: 

3. Concentrate the filtrate from the calcium oxalate to small bulk 
by boiling in a large porcelain casserole, and when salts show a tendency 
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to separate, transfer to a platinum dish or smaller porcelain casserole, 
in separate small portions if necessary, and evaporate on the water- 
bath to complete drjmess. When dry, ignite gently to expel the 
ammonium salts. Cool, dissolve the residue in a very little dilute 
hydrochloric acid, make very' faintly alkaline with ammonia and 
filter if necessaiy’. The magnesium is now precipitated by the 
method of W. Gibbs. *t (Or, proceed to lo and finish with the pre¬ 
cipitate as in 4, below.) 

4. Heat the solution to boiling and add, drop by drop, a solution 
of sodium ammonium phosphate (NaNHiHP04.2H20), 160 grams to 
the liter,t until no further precipitate is produced. Most of the 
magnesium is at once precipitated as amorphous, dimagnesi um phos¬ 
phate (MgHPOi). Allow the solution to cool, and then, stirring con¬ 
stantly, add about one-third its volume of ammonia. By this pro¬ 
cedure the precipitate is changed to crystalline magnesium ammonium 
phosphate (MgNHiPOi) and the magnesium remaining in solution is 
precipitated in the same form. Let the cold mixture stand two or 
three hours, and then decant the supernatant solution through a filter. 
Wash the precipitate three times by decantation with 2§ per cent 
ammonia and then transfer to the filter and wash thoroughly with 2I 
per cent ammonia. Dry the filter and precipitate, transfer the latter 
as completely as possible to a weighed platinum crucible, bum the 
filter-paper in a platinum spiral and add the ash to the precipitate in 
the crucible. Cover the crucible and heat it, gently at first to expel 
the ammonia, and then over the blast-lamp until the residue is pure 
white. Cool in desiccator and weigh as Mg2P207. This weight, mul¬ 
tiplied by 0.2184 ■will give that of the Mg, or, if multiplied by 0.3620, 
that of the MgO. 

5. In the above method it is not usually considered necessary to 
remove, as sulphide, any zinc present, inasmuch as the ignition to 
expel ammonium salts will tend to drive off the zinc as chloride. 
Should a little still remain, it is not likdy to precipitate as phosphate 
on account of the presence of the ammonia and ammonium salts added. 

6. Note on the Precipitation of Magnesium AmirioniiiTTi Phos¬ 
phate. ^If the precipitation is made in a strongly arnTnonia rfil solution 
instead of as described, some tribasic magnesium phosphate (Mg3P208) 

♦ Am. Jour. Sd., (3) 5 , 114. 

11 usually prefer to predptate by Handy’s method, finally wdghmg the pyrophos- 
phate, however, as described by Gibbs. 

1 27 cc, of this solution will precipitate 0.5 gram of magnesium. 
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will almost invariably form. This will be unchanged by the ignition 
and cause low results. It is, therefore, necessaiy to add the excess of 
ammonia later, but even in this case, if ammonium salts are present, 
the precipitate will always contain monomagnesixim ammonium 
phosphate (Mg(NH4)4(P04)2), which requires intense heating to 
constant weight to be certain it has all changed to Mg2P207. 

7. H. Neubauer,* whose experiments demonstrated the above 
facts, proceeds as follows: Slightly acidify the filtrate from the calcium 
oxalate with hydrochloric acid and then add an excess of sodium phos¬ 
phate solution and one-third the solution’s volume of 10 per cent 
ammonia, stirring constantly. Allow to stand twenty-four hours and 
then wash by decantation, through a filter, with a little 2§ per cent 
ammonia. It is better to evaporate the filtrate from the calcium 
oxalate to dryness and expel the ammonium salts by ignition, as pre^^- 
ously described (3). If this is done, the solution may be filtered after 
only four hours’ standing instead of twenty-four Place the beaker con¬ 
taining most of the precipitate under the funnel and pour through the 
filter a little dilute hydrochloric acid, ■washing the filter ■with hot water. 
Enough acid should be used to effect the solution of the precipitate in 
the beaker. Add now some ammonium chloride, a fe'w drops of sodium 
phosphate solution, and one-third of the solution's volume of 10 per 
cent ammonia. Allow to stand four hours. Pour the solution through 
a filter, wash the precipitate three times by decantation with 2I per 
cent ammonia, then transfer it to the filter and wash it thoroughly 
■with the dilute ammonia. Dry and ignite the precipitate as pre¬ 
viously described (4). 

8. Limestones, Silicates, etc.—^In material of these classes the 
monbers of the hydrogen sulphide group are usually absent, and, 
accordingly, no steps are necessary to remove them. When the sub¬ 
stance is decomposable by acids the procedure is, with this exception, 
the same as previously described for ores (i). The treatment of 
silicates is begun as described for calcium on similar material (Cal- 
croM, 7), but inasmuch as the magnesium is to be determined gravi- 
metricaUy it is necessary to evaporate the add solution to dryness, and 
remove the sihca with the usual precautions (Silica, 10). The add 
solution, free from silica, is then treated as described for ores, usually 
omitting the hydrogen sulphide treatment. 


Zeit. f. angew. Chem., 1896, 439. Treadwell, Quant. Anal., Hall, ad Ed., p. 65. 
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g. Handy’s Volumetric Method.*—^This is a modification of 
Stolba’s method in which the precipitated magnesium ammonium 
phosphate is titrated with standard sulphuric acid, the reaction being 

MgNH4P04+H2S04 MgS04+NH4H2P04. 

A measured excess of sulphuric add is used and titrated bac 
with standard sodium hydroxide. The results obtained are very 
satisfactory. 

The ore or other material is treated by the usual methods and the 
filtrate from the caldum oxalate predpitation is then treated as follows: 

10. Add ammonia (sp. gr. o.go) equivalent to i/io of the solution. 
Cool in water to 20° to 25° C. Predpitate by adding slowly with 
constant stirring a saturated solution of sodium ammonium phosphate, 
using I cc. for each o.oi gram magnesium oxide. Stir vigorously for 
five minutes or shake in a flask for an equal length of time. In the 
former case let the solution stand until the darification of the upper 
liquid shows that the reaction is complete. In the case of flask pre- 
dpitations, if over 0.002 gram of magnesixim oxide is present the 
solution may be filtered in fifteen minutes. Suction may be used if 
desired, but if many solutions are to be filtered at once little is gained 
by its use. Use 10 per cent ammonia wash (i part ammonia (sp.gr. 
0.90) to 9 of water). Deliver it preferably from an aspirator bottle 
placed about 4 ft. above the bendi. Wash by decantation as far as 
possible. Finally, wash the predpitate which has gone on the filter 
back into the beaker, stir it up with the ammonia wash and bring it 
again completely on the filter-paper. Wash once more, leaving the 
upper edge of the filter dear of predpitate so that it can be handled. 
Avoid assembling aU of the predpitate in the apex, but leave it fairly 
evenly distributed over the lowmr two-thirds of the paper. Allow the 
predpitates to drain and then transfer each in turn to a dry 5-mch 
filter-paper, allowing them to remain there, open and face upward, 
until the bulk of the moisture has been absorbed. After about three 
minutes transfer them to fredi dry filters, and in the case of heavy 
predpitates to a third set a few minutes later. Then place the filters 
on a dielf to dry at the temperature of the room, or place filter pap«s 
and baddng on the grating of an air oven having a temperature of 
50“ to 60“ C. After fifteen or twenty minutes in the oven, or forty- 
five minutes in the air, watch for the time when the filters have dried 
* James OUs Handy, Jour. Am. Chem. Soc., XXII, p. 31. 
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inwaxd half an inch from the margin. This appearance has been 
found to indicate that the evaporation has gone far enough to insure 
the expulsion of the free ammonia. Now place the precipitates and 
filters in small dry beakers and treat each with a measured excess of 
decinormal sulphuric add, stirring until the papers are disintegrated 
and the predpitates dissolved. Then add 2 drops of a o.i per cent 
alcoholic solution of methyl orange. If this gives a clear dedded pink, 
enou ’1 add has been added. If it is only faintly pinkj the of 
add 3 slight and some minute particles may have escaped solution. 
In such cases add 5 cc. more decinormal sulphuric add anH stir well. 
Finally, dilute to about 100 cc. and titrate back with decinormal 
sodium hydroxide solution to the appearance of a dear yellow color, 
free from aU suggestion of pink. 

I CC.N/10 H2SO4 =0.002 gram MgO.* 

If the filtrations have taken place during the latter part of the day, 
the filters may be removed from the funnels and allowed to stand 
overnight, after which they are titrated as described. 

II. Notes on the above Method (BEandy).—If the drying of the 
predpitate proceeds too far, solution in dednormal sulphuric add is 
slow. If, however, the drying is stopped at the point described, there 
is enough moisture left so that, on stirring, the precipitate blends 
quickly with the add and soon dissolves. 

The tendency of magnesium to precipitate with iron and aluminum 
and with caldum oxalate must be met by re-solution in hydrochloric 
add and repredpitation. When the amount of caldum is considerable 
it is best to bum off the first oxalate predpitate before dissoldng in 
hydrochloric add. By this means the oxalate is decomposed and the 
addition of ammonia alone does not cause its sudden repredpitation. 
Even in the second predpitation, if the boiling is allowed to proceed 
longer than is necessary to make the findy crystalline caldum oxalate 
settle well, some magnesium oxalate is sure to predpitate, betraying 
its presence by its coarser texture. The solution for magnesium pre¬ 
dpitation usually does and always should contain in the form of 
ammonium chloride the equivalent of 5 cc. of concentrated hydro¬ 
chloric add per 100 cc. 

* Mote accurately, 0.003016 gram MgO. 1 cc. N/10 !EbSO«=oxa49038 gram ^SO*. 
The reaction (9) gives the proportion 98.076 : 4a33=0.0049038 : x. *=0.002016. 
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1. The following methods for the determination of manganese 
are applicable to most ores, the first one being ordinarily employed 
in my own laboratory. In imusual cases, where the material fails to 
be sufficiently decomposed by simple add treatment, the mode of 
attack calls for the exerdse of the operator’s judgment. It is usual in 
such cases to employ one of the methods described under Iron 
( 17,18, et seq.), and eventually to bring the solution of the substance 
into a proper condition for continuing by the regular method. 

2. Usual Method for Ores, etc.^—^Treat 0.5 gram of the sub* 
stance in an 8-oz. flask with whatever adds are necessary to decom¬ 
pose it. For an oxidized ore, about 10 cc. of strong hydrochloric add 
are usually suffident. With mixed ores it is best, in most cases, to 
start with hydrochloric add, to dissolve the oxides, and then add 
5-10 cc. of strong nitric add to decompose the sulphides. With pure, 
or nearly pure, sulphides, begin at once with 10 cc. of nitric acid. 

3. Heat very gently at first until the decomposition is complete. 
Finally add about $ cc. of strong sulphuric add and heat strongly, 
best over a free flame, almost to dryness. Cool and add about 100 cc. 
of water. Boil the mixture a moment and allow to stand, hot, with 
occasional shaking, until anhydrous ferric sulphate, etc., has dissolved 
(a mmute or two). Add i or 2 grams of finely powdered (not lumpy) 
zinc oxide and heat to boiling. Remove from the heat and continue 
to add zinc oxide in small portions, while shaking, until all iron is 
predpitated and a moderate amount of white zinc oxide remains in 
the bottom of the flask.* Be sure that the iron is all down. Heat to 
boiling (liable to foam) and then filter through an ii-cm. filter having 
a small wad of wetted absorbent cotton in the apex. Wash ten times 
with hot water, receiving the filtrate in a 500-cc. beaker. If any lead is 
likely to be present, add 2 cc. of a saturated potassium dichromate 
solution before the final boiling.^ 

4. Add to the filtrate 3-4 grams of sodium acetate, or about 5 cc. 

* As long as the aanc oxide is precipitating iron it becomes colored brown with fenic 
hydroxide; as soon as an excess remains white it indicates that all the iron has been 
precipitated. 
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of a saturated solution, and 30 cc. of saturated bromine water.* Heat 
to boiling and boil several minutes.^ If bromine vapors do not 
appear above the liquid in the covered beaker, add more bromine 
water until they do. This shows the necessary excess. 

5. Filter through an ii-cm. filter and wash ten times with hot 
water. Any Mn02 adhering in the beaker is simply washed dean 
and left there. It will be recovered later. The filtrate should be 
dear. If desired, it may be further tested by boiling with more 
bromine water. 

6. Place the washed predpitate, together with the filter, back in 
the beaker and run in from a burette what is judged to be an excess 
of the standard oxalic add solution, described below (9). On the 
basis of 0.5 gram of ore taken for assay, each cubic centimeter of this 
solution is equivalent to about i per cent of manganese. Now add 
about 50 cc. of dilute i : 10 sulphuric add and heat the mixture nearly 
to boiling with gentle agitation. Avoid shredding the filter. If the 
predpitate fails to dissolve completdy, after boiling gently for some 
time, add more of the oxalic add solution, but avoid a large and 
unnecessary excess. When the predpitate has entirely dissolved, 
dilute the solution to 150-200 cc. with hot water and titrate to a 
faint, permanent pink tinge with a standard solution of potassium 
perm angana te (8). The excess of oxalic add not consumed by the 
MnOs is thus found. Subtracting this from the total amount of 
oxalic add used, the remainder is the amotmt used in reducing the 
MnOz to MnO. Multiply this figure by the value of i cc. in man¬ 
ganese to obtain the amount of manganese in the ore. 

Example .—Took 0.5 gram of ore. 

I cc. of the permanganate solution=o.s6ii cc. of the oxalic add sol. 
I cc. of the oxalic add solution =0.00502 gram of manganese, or, 
1.Q4 per cent when 0.5 gram of ore is taken. 
Permanganate used in titrating excess of oxafic add, 5.65 cc., equiva¬ 
lent to 3.17 cc. of oxalic add solution. 

Total number of cc. of oxalic add solution used.. 25.40 


Less excess. 3 • ^7 

Consumed by the Mn02. 22 23 


22.23 multiplied by 1.04 gives 23.12, the percentage of manganese in 
the ore. 


* fifty cc, are sufficient in any case. 
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7. Tbe reactions that take place may be expressed as follows: 

Between the MnOa and the oxalic add: 

Mn02+C204H2.2H20+H3S04 MnS04+2C02+4H20. 

Thus 126.058 parts, by weight, of oxalic add in the standard solution 
correspond to 54.93 parts of manganese. One per cent of manganese, 
on the basis of 0.5 gram of ore taken for assay, is 0.005 gram, and the 
amoxmt of oxalic add corresponding to this is 0.01148 gram. This, 
then, is the amount to be contained in i cc., or, 11.48 grams per liter, 
in order that i cc. = i per cent Mn. 

Between the oxalic add and permanganate: 

2OIn04+5C204H2.2H2O+3H2SO4 

—* K.2S04~|“2MnS04“l"ioC02"l“ioH20. 

The standard solutions required are prepared as follows: 

8. Standard Potassium Permanganate.—^This may be approxi¬ 
mately one-tenth normal, or about 3.16 grams per liter. The solution 
used for iron is ordinarily employed. The iron value multiplied by 
1.129 wUl give the oxalic add value.^ This value may also be deter¬ 
mined by standardizing against oxalic add or an oxalate directly. 
While the usual C. P. oxalic add is not absolutely pure, it will gener¬ 
ally suflGice for technical work. Weigh t:arefully about 0.2 gram of the 
clean crystals and dissolve in a 6-oz. flask in a mixture of about 5 cc. 
of strong'sulphuric add and 100 cc. of water. Heat to 60“-70® C. and 
titrate with the permanganate solution to a permanent faint pink 
tinge. From the number of cubic centimeters used, calculate the value 
of I cc. in oxalic add. 

Example .—^Took 0.2195 grajn of oxalic add. Used 34.0 cc. of 
permanganate. TTien 0.2195-5-34.0 =0.006455, fti® value in grams 
of oxalic add of i cc. of the permanganate solution. One cc. of an 
exactly dednormal permanganate solution would equal 0.0063029 
gram of oxalic add. 

9. Standard Oxalic Add Sduflon.—This, as es^lained above (7), 
should contain about 1148 grams of C2O4H3.2H2O per liter, in order 
that I cc. may equal about i per cent of manganese when 0.5 gram of 
ore is taken for assay. Standardize as follows: Place in an 8-oz. 
about 5 cc. of strong sulphuric add and dilute with 100 cc. of water. 
From a burette run in about 25 cc. of the oxalic add solution. Heat 
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the mixture to about 70® C. and titrate with the standard permangan¬ 
ate to a permanent faint pink tinge. From the number of cubic centi¬ 
meters of permanganate used, and the known value of each cubic 
centimeter in oxalic acid, calculate the true strength of the oxalic 
acid solution and the consequent value of i cc. in manganese. 

Example .—Ran in 21.70 cc. of oxalic acid solution. Used 40 cc. 
of permanganate. K the value of i cc. of permanganate is 0.006455 
gram of C2O4H2.2H2O, then the 40 cc. used are equal to 0.2582 gram. 
As this is the amount of oxalic acid contained in 21.70 cc., each cubic 
centimeter contains 0.0119 gram. In the reaction between man¬ 
ganese dioxide and oxalic acid pre\'iously given ('7), it is shown that 
126.058 parts by weight of oxalic acid are equal to 54.93 parts of man¬ 
ganese. Consequently, to find the manganese value of the present 
oxalic acid, we have the proportion. 

126.058 : 54.93 =0.0119 - ^ 

2: =0.005184 

(Oxalic acid X 0.43 5 7 =Mn). 

I cc. of the oxalic acid solution therefore equals 0.005184 gram of Mn, 
or, 1.037 b^sis of 0.5 gram of ore. 

10. In determining the manganese value of the oxalic acid solution, 
the value of i cc of the permanganate solution in cubic centimeters of 
standard oxalic acid solution should also be noted. Thus, in the last 
example, 40 cc. of permanganate solution "were equal to 21.70 cc. of 
oxalic acid solution, therefore, i cc. of permanganate solution is equal 
to 0.5425 cc. of oxalic acid solution. This value should be marked on 
the permanganate bottle. The oxalic acid solution very slowly decom¬ 
poses on keeping and requires to be restandardized occasionally. The 
addition of 50 cc. of sulphuric add per liter greatly improves its keep¬ 
ing qualities. 

1 In this method the manganese is precipitated in the form of Mn02. This is 
filtered off and subsequently reduced to MnO by oxalic add in the presence of 
dilute sulphuric add. The MnO dissolves in the sulphuric add to form MnS 04 . 
The oxalic add is added in the shape of a known volume of a standard solution, 
and the amoimt consumed in the reduction is determined by titrating the remain¬ 
der with permanganate and deducting the amount found from the total added. 
From the amount of oxalic add required for the reduction the manganese is cal¬ 
culated in accordance with the following reaction: 

^Mn 0 i+Ci 04 Hs MnO+HsO+aCQ** 
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Every molecule of C201H2 is thus equivalent to 1 atom of Mn. The crystallized 
acid used in making the standard solution holds, of course, the same relation. 
Its formula is C2O4H2 2H2O, and its molecular weight is 126,058. Mn=*54 93. 
126.058 parts by weight of oxalic acid crystals therefore=54.93 parts by weight of 
Mn, The Mn value of i cc. of the standard oxalic acid solution is thus easily 
calculated. 

2 Any lead not removed would be precipitated by the bromine as Pb02 and 
eventually count as manganese. 

* The following reaction gives the outline of how the bromine oxidizes and pre¬ 
cipitates the manganese: 

Mn0-h2Br+H20 ;j=± Mn02+2HBr. 

If the HBr were allowed to accumulate, the reaction might reverse as follows: 

2HBr-|-Mn02 MnBr2+2H20-l-2Br. 

This is prevented by the sodium acetate added. It neutralizes the hydrobromic 
acid and sets free acetic acid m its place. The acetic acid is without action on the 
precipitated Mn02. 

^ Oxalic acid is oxidized to carbon dioxide and water as follows: C204H2-f-0 —> 
2C02-f H 2 O. This shows that i oxygen is sufficient for i molecule of C 201 H 2 , or of 
the crystallized add, Ca04Ha 2 H 2 O, the molecular weight of which is 126,058. 

When ferrous iron is oxidized, it is changed from FeO to FeaOj, as follows: 
2FeO,or,Fe202,-l-0=Fea08. ThusFea^O. Accordingly, C 2 O 4 H 2 2H20=0=Fe2, 
that is, by weight, 126.058 parts of crystallized oxalic acid = 111.68 parts of Fe. 
This gives i Fe=1.129 oxalic acid, or, the Fe value of the permanganate multi¬ 
plied by 1.129 will give the oxalic value. 


11. DetenninatioiL of Mn02 Only.—^Place 0.5 gram of the finely 
ground ore in an 8-02. flask. Add 25 cc. of water, 5 cc. of strong 
sulphuric acid and as much of the usual standard oxalic acid solution 
delivered from a burette, as may be judged necessary to decompose the 
Mn02 present and leave a moderate excess of oxalic acid. More may 
be added later if found necessar}’'. Boil gently until the decomposition 
of all MnOz is effected, adding more water or more oxalic acid solution 
as required. Finally, dilute, if necessary, with hot water, until the 
flask is about half full, and titrate with permanganate as usual. 
Make the same calculation as m 6. Multiply the per cent of man¬ 
ganese shown by 1.582 to obtain the per cent of Mn02. 

12. Volhard’s Method.—This is the method most generally used 
in western laboratories, but not my personal preference. Treat i gram 
of the ore in an 8-oz. flask with whatever acids are necessary to decom¬ 
pose it, beginning with 10 cc. of strong hydrochloric add, and heating 
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very gently, if oxides are present, and afterwards adding nitric acid, 
if necessary, to decompose sulphides and peroxidize iron. WTien the 
decomposition is complete add about 7 cc. of strong sulphuric acid 
and heat over a free flame until fumes of sulphuric add are evolved 
copiously. Cool, add 25 cc. of water, boil a short time, and allow to 
stand, hot, with frequent shaking, until all anhydrous ferric sulphate 
has dissolved. Transfer the mixture * to a 500-cc. graduated flask 
and add an emulsion of zinc oxide t in slight excess, to precipitate 
the iron. Agitate the flask to facilitate the precipitation and see that 
a slight excess of zinc oxide remains when the reaction is complete. 
Now dilute the contents of the flask up to the mark with cold water, 
mix thoroughly and allow to stand a short time and partially settle. 
By means of a graduated pipette draw off 100 cc. of the clear super¬ 
natant Kquid and transfer it to an 8-oz. flask. While the precipitate in 
the 500-cc. flask may appear large, it actually occupies but a verj” 
small space, and any error caused by it may consequently be neglected. 
Likewise the error in measurement due to change of temperature during 
the manipulation is insignificant. Heat the solution in the small flask 
to boiling, add two or three drops of nitric acid (which causes the sub¬ 
sequent precipitate to settle more quickly) and titrate with a standard 
solution of potassium permanganate. The permanganate causes a 
precipitate which obscures the liquid, and it is therefore necessar}’ to 
titrate cautiously and agitate the flask after each addition, and then 
allow the precipitate to settle sufficiently to observe whether or not the 
solution is colored pink, A little experience will enable one to judge, 
by the volume of the precipitate formed, about how rapidly to run 
in the permanganate. The final pink tinge, indicating the end of the 
reaction, is best observed by holding the flask against a white back¬ 
ground and observing the upper edges of the liquid. WTien this point 
is attained, bring the contents of the flask nearly to a boil once more 
and again observe if the pink tint still persists, adding more perman¬ 
ganate if necessary. In making this end-test avoid actually boiling 
the liquid, as a continual destruction of the color may sometimes thus 
be effected and the true end-point considerably passed. When the 
color thus remains permanent the operation is ended. Observe the 

* Using hot water. 

t For ordinary use I simply mix the usual C. P. zinc oxide with water. A better 
and purer mixture is made as follows: Precipitate a solution of pure zinc sulphate with 
a solution of potassium hydroxide in insuSdent amount to cause the solution to become 
alkaline. Wash the residue several times with hot water and then transfer it to a tightly 
stoppered bottle with enough water to hold it in suspension. 
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niunber of cubic centimeters of permanganate solution used and cal¬ 
culate the resxilt. 

13. The precipitate formed is not necessarily manganese dioxide, 
although the calculation can be correctly made as though the following 
reaction took place: 


3MnS04+2KMn04+2H20 5Mn02+K2S0^2H2S04. 

In the presence of metallic salts, such as those of calcium or 
zinc, manganites of varying composition are formed, e.g.. 


4KMn04+sZnS04+6MnS04 -f 14H2O 

-44KHS04+7H2S04+5(ZnH202- 2Mn02). 


The precipitated manganese is, however, always in the tetravalent 
form, and, therefore, the ratio of the first reaction between the man¬ 
ganese and the permanganate is not changed. 

14. It is customary to use the same permanganate solution for 
both iron and manganese. After the factor for iron has been deter¬ 
mined (Iron, 12) it may be multiplied by 0.2952 to obtain the factor 
for manganese. It will be observed in the first equation above that 
2 ElMn 04 are required for 3Mn, and in the reaction for iron in Iron, 2, 
that 2 ElMn 04 are required for loFe. Therefore 558.4 parts of iron 
are equivalent to 164.79 parts of manganese, or, i part of iron to 
0.2952 part of manganese.^ 


I In the iron titration in an add solution, the MnaOi of the permanganate, 
KjO MnsOr, is wholly reduced to MnjOj, or sMnO, by giving up Os In the pres¬ 
ent manganese titration the solution is neutral and the MnjO? of the permanganate 
is reduced only to Mn-Os, or, sMnO: and gives up only Os. 

In the manganese titration, then, the permanganate has only three-fifths of 
the ozididng power it has in the iron titration. 

When ferrous iron is oxidized, FcsOs-t-O =FeaOs, making Fes = 0 . In the case 
of manganese, MnO-l-0=Mn02,making Mn«= 0 . This gives Fes=Mn, or, 111.68 
Fe=’54.93 hin, making i Fe=o.492o Mn. But as permanganate has, in the 
present case, only three-fifths of the oxidMog power it has in the case of iron, 
then the Mn ratio is f (04920), or 0.2952. < 


15. The Bismufhate Method for the Determination of Man- 
gamese.*—This method is based on the fact that a manganous salt 

* Andrew A. Blair, Jonr. Am. Chem. Soc., X 3 CVI, 793. Method originally proposed 
Sdindder and modified first by Reddrop and Ramage and then by Bieariey and 
Ibbotson. 
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in the presence of an excess of nitric add is oxidized to permanganic 
add by bismuth tetroxide. The permanganic add formed is very 
stable in nitric add of 1.135 sp. gr. when the solution is cold, but in hot 
solutions the excess of the bismuth tetroxide is rapidly decomposed and 
then the nitric add reacts with the permanganic add, and as soon as a 
small amoimt of manganous salt is formed the remainder of the per¬ 
manganic add is decomposed, manganous nitrate dissolves and man¬ 
ganese dioxide predpitates. 

In the cold, however, the excess of the bismuth salt may be filtered 
off, and to the clear filtrate an excess of ferrous sulphate may be 
added and the amount necessary to deoxidize the permanganic add 
determined by titrating with permanganate. The end reactions are 
very sharp and the method is extremely accurate, but the presence 
of even a trace of hydrochloric add utterly vitiates the results. Red- 
drop and Ramage pointed out that bismuth tetroxide, w’hich was used 
by Schneider, is difficult to obtain free from chlorides, and they rec- 
onunended sodium bismuthate, which they prepare as follows: Heat 
20 parts of caustic soda nearly to redness in an iron or nickel crudble 
and add, in small quantities at a time, 10 parts of basic bismuth 
nitrate, previously dried in a water-oven. Then add 2 parts of sodium 
peroxide and pour the brownish-yellow fused mass on an iron plate to 
cool; when cold, break it up in a mortar, extract with water and collect 
on an asbestos filter. The residue, after being washed four or five 
times by decantation, is dried in the water-oven, then broken up and 
passed through a fine sieve. (The Baker & Adamson Chemical Co. 
have prepared sodium bismuthate in this manner which is perfectly 
free from manganese chlorides and has proved entirely satisfactory.) 

THE METHOD 

Steels .—^Dissolve i gram of drillings in 50 cc. of nitric add (sp. gr. 
1.135) in an Erlenmeyer flask of 200 cc. capadty. Cool and add about 
0.5 gram of bismuthate. The bismuthate may be measured in a small 
spoon, and experience will soon enable the operator to judge of the 
amount with suffident accuracy. Heat for a few minutes, or until the 
pink color has disappeared, with or without the predpitation of man¬ 
ganese dioxide. Add sulphurous add, solution of ferrous sulphate or 
sodium thiosulphate in suffident amount to dear the solution and heat 
until all nitrous oxide has been driven off. Cool to about 15“ C., add 
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an excess of bismuthate and agitate for a few minutes. Add 50 cc. 
of water containing 30 cc. of nitric acid to the liter and filter through 
an asbestos felt on a platinum cone into a 300-cc. Erlenmeyer flask, 
and wash with 50 to 100 cc. of the same acid. 
The arrangement shown in Fig. 16 has proved 
very satisfactory. Run into the flask from the 
pipette, shown in Fig. 17, a measured volume of 
ferrous sulphate solution and titrate to a faint 
pink color with permanganate. The number of 
cubic centimeters of the permanganate solution 
obtained, subtracted from the number correspond¬ 
ing to the volume of ferrous sulphate solution 
used, win give the volume of permanganate equivalent to the 
manganese in the sample, which, multiplied by the value of the per¬ 
manganate in manganese, gives the amount of manganese in the steel. 

Pig Iron .—^Dissolve i gram in 25 cc. 
of nitric add (sp. gr. 1.135) in a small 
beaker, and as soon as the action has 
ceased, filter on a 7-cm. filter into a 200-cc. 

Erlenmeyer flask, wash with 30 cc. of the 
same add and proceed as in the case of 
steels. 

In the analysis of white irons it may 
be necessary to treat the solution several 
times with bismuthate to destroy the 
combmed carbon. The solution, when 
cold, should be nearly colorless; if it is 
not, another treatment with bismuthate 
is necessary. 

Iron Ores Containing Less than 2 Pa^ 

Cent of Manganese .—^Treat i gram in a 
platinum dishorcrudblewith4cc. of strong 
sulphuric add, 10 cc. of water and 10 to 
20 cc. of hydrofluoric add. Evaporate 
imtil the sulphuric add fumes fredy. Cool and dissolve in 25 cc. of 
1.35 nitric add. If no appreciable readue remains, transfer to a 
200-cc. Erlenmeyer flask, using 25 cc. of 1.135 nitric add to rinse the 
dish or crucible, and proceed as usual. If there is an appreciable red- 
due, filter on a small filter into a beaker, wash with water, bum the 
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filter and residue in a crucible, and fuse with a small amount of potas¬ 
sium add sulphate. Dissolve in water with the addition of a little 
nitric add, add to the main filtrate, e\’aporate nearly to drjTiess, 
take up in 1.135 nitric add and transfer to the flask as before. 

Manganese Ores and Iron Ores Sigh in Manganese. —^Treat i gram 
as in the case of iron ores, using a little sulphurous add if necessar}’. 
Transfer the solution to a 500-cc. flask, dilute to the mark, mix thor¬ 
oughly and measure into a flask, from a carefully calibrated pipette 
such a volume of the solution as will give from i to 2 per cent of man¬ 
ganese and enough strong nitric add (sp. gr. 14) to peld a mixture 
of 1.135 add in a volume of 50 to 60 cc. For example, in a 50 per cent 
ore use 10 cc. of the solution and add 30 cc. of water and 10 cc. nitric 
add (sp. gr. 1.4). In this case the manganese must be calculated on 

of a gram or 20 mg. of ore. WTien working on such amounts 
it is always desirable to make duplicate analyses and take the mean, 
as a difference of o.i cc. makes a large error in the result. WTien 
the ore contains a much smaller amount of manganese, say 5 to 10 
per cent, it is better to make up the solution to 100 cc. instead of 500. 

Ferro-manganese. —^Treat i gram exactly like steel. Dilute to 
500 or 1000 cc. and proceed as in manganese ores. 

Ferro-sUicon. —^Treat i gram with sulphuric and hydrofluoric 
adds and proceed as with iron ores. 

Special Steds.—Stteh containing chromium offer no spedal 
dfficulties except that it must be noted that while in hot solutions 
the chronaium is oxidized to chromic add, which is reduced by the 
addition of sulphurous add, the oxidation proceeds so slowly in cold 
solutions that if there is no delay in the filtration and titration the 
results are not affected. Steels containing tungsten are sometimes 
troublesome on account of the necessity for getting rid of the tungstic 
add. Those that decompose readily in nitric add may be filtered and 
the filtrate treated like pig iron, but when it is necessary to use hydro¬ 
chloric add it is best to treat with aqua regia, evaporate to dryness, 
redissolve in hydrochloric add, add a few drops of lutric add, dilute, 
boil, and filter. Get rid of every trace of hydrochloric add by repeated 
evaporations with nitric add, and proceed as with an ordinary steel. 
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REAGENTS 

NUric Acid (sp. gr. 1.135).—A mixture of 3 parts of water and 1 
part strong nitric add answers perfectly for this purpose. 

'Nitric Acid (3 per cent ).—^Thirty cc. of strong nitric add to the 
liter. 

Pertncnganate Solution and Ferrous Sulphate Solution .—One 
gram of po tassium permanganate to the liter gives a solution of 
convenient strength, and 12.4 grams of ferrous ammonium sulphate and 
50 cc. of strong sulphuric add,* made up to 1 liter, gives a solution 
which is almost exactly equal to the permanganate solution. As the 
strength of the ferrous sulphate solution changes quite rapidly, while 
the permanganate remains unaltered for months, it is unnecessary and 
troublesome to attempt to keep them of the same strength. If a con¬ 
stant volume of the ferrous sulphate solution is used and tested against 
the permanganate solution every day, the calculation of the results is 
very simple. It is necessary that the conditions should be the same in 
getting the strength of the ferrous sulphate solution as in titrating a 
solution for manganese, and after many experiments the following 
method of procedure was adopted: Measure into a 200-cc. flask 50 cc. 
of nitric add (sp. gr. 1.135), cool and add a very small amount of bis- 
muthate, dilute with 50 cc. of 3 per cent nitric add, filter into a 300-cc. 
flask and wash with 50 cc. of 3 per cent nitric add. If the felt is well 
coated with bismuthate it is unnecessary to add any to the nitric add 
in the flask, as filtration through the mass of bismuthate on the fdt 
will answer the purpose. Run in from the pipette (Fig. 17) 25 cc. of 
ferrous sulphate solution and titrate with the permanganate to a faint 
pink. This gives the value in permanganate of the ferrous sulphate 
solution. With this method of procedure the discrepandes that had 
occurred entirely disappeared, and it is possible to make any number of 
determinations with a variation of less than o.i cc. 

The permanganate solution may be standardized in three ways: 

First, by getting its value in iron in the usual way and calcu¬ 
lating its value in manganese. The proportion is 279.2 :54.93, or 
as I : 0.1967. 

Second, by titrating a steel with a known amount of manganese 
and getting the value of the solution by dividing the percentage 

* Dr. C. B. Dudley proposes to use 2^ cc. of sulidiuiic and 25 cc. of strong {dtosphoiic 
acid as tmdisg to gjve a more nearly cdoiless solution. 
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of manganese by the number of cubic centimeters of the permanganate 
used. 

Third, by making a solution of pure manganese sulphate and 
determining the manganese in it by evaporating a weighed amount 
of the solution to dryness, heating to dull redness and weighing as 
manganese sulphate, which, multiplied by 0.3639 gives the amount 
of manganese. Five grams of ‘‘ C. P.” manganese sulphate dissolved 
in 500 cc. of water and filtered will give a solution containing about 
0.0035 gram of manganese to the gram of solution. Weigh i to 3 
grams of the solution in a crucible, transfer to a 200-cc. flask, using 
50 cc. of nitric add (sp. gr. 1.135), cool) a^dd 0.5 to i gram bismuthate 
and allow it to stand for three or four minutes, shaking at intervals. 
Add 50 cc. of 3 per cent nitric add and filter through the asbestos filter 
and wash with 50 or 60 cc. of the same acid. Run 25 cc. of the ferrous 
sulphate solution into the flask from the pipette and titrate with the 
permanganate solution to a faint pink. Subtract the number of cubic 
centimeters of the permanganate solution obtained from the value of 
the 25 cc. of ferrous sulphate solution in permanganate and the result 
is the number of cubic centimeters of the permanganate corresponding 
to the manganese in the manganese sulphate solution used. Didde 
the weight of the manganese in the manganese sulphate used, by the 
number of cubic centimeters of permanganate, and the result is the 
value of I cc. of permanganate in manganese. 

Emmple .—One gram manganese sulphate solution contains 
0.003562 gram manganese; 2.0372 grams manganese sulphate solu¬ 
tion equals 0.0072565 gram manganese; 25 cc. ferrous sulphate solu¬ 
tion equals 24.5 cc. permanganate solution; 2.0372 grams manganese 
sulphate, after oxidation and addition of 25 cc. ferrous sulphate solu¬ 
tion, require 3.6 cc. permanganate solution; 24.5 cc. -3.6 cc. = 20.9 cc.; 
0.0072565 divided by 20.9 -0.0003472, or i cc. of permanganate equals 
0.0203472 gram of manganese. If, then, i gram of steel, after oxida¬ 
tion and addition of 25 cc. ferrous sulphate solution, requires 6.2 cc. 
permanganate solution to give the pink color, 24.5-6.2= 18.3 X 
0.0003472=0.006354 gram, or the sample contains 0.635 per cent 
manganese. 
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NOTES AND PRECAOTIONS 

The delicacy of the reaction of manganese in nitric add solution 
with sodium bismuthate is extraordinary; 0.000005 gram of man¬ 
ganese gave an appreciable color in 50 cc. of solution. 

When the proper precautions are observed, this method for mate¬ 
rials containing small amounts of manganese, say up to 2 per cent, is 
more accurate than any other method, volumetric or gravimetric, 
that I have ever used. 

As will be seen in the description of the various methods of solution, 
the use of hydrochloric add has been avoided because the presence 
of even traces of this reagent is fatal to the accuracy of the method. 
Where it is impossible to avoid its use and its presence is suspected 
in the final nitric add solution, the addition of a drop or two of silver 
nitrate will overcome the difficulty, but the filter must be rejected 
after using it for filtering a solution so treated. 

Any form of asbestos filtering tube may be used for filtering off 
the bismuthate, but the perforated cone with bell jar, shown in Fig. 16, 
is the most satisfactory, because it has the largest area of filtering 
surface. One filter may be used for fifty or more determinations and 
the time occupied in filtering and washing one determination is only 
from one minute and a half to three minutes. The filtrate must be 
perfectly dear, for the least partide of bismuthate carried through will 
vitiate the result by reacting with the excess of ferrous sulphate. As 
soon as the filtration and washing are completed, the ferrous sulphate 
should be added and the excess titrated with the permanganate solu¬ 
tion, as the permanganic add gradually decomposes on standing and 
the warmer the solution the more rapid is the decomposition. At a 
temperature of 5° C. the solution wifi, remain unaltered for several 
hours, but at 40° C. fifteen minutes will show an appredable change. 
The larger the amount of manganese the more rapid the change. It is 
especially important not to allow the solution to stand after adding the 
ferrous sulphate, as the escess of this reagent reacts with the nitric 
add in a few minutes and the formation of the smallest amount of 
nitrous oxide is fatal to the accuracy of the determination. For this 
reason it is important to boil off every trace of nitrous oxide when in 
the earlier part of the operation sulphurous add or other deoxidizing 
agmt is added. 

When working with steeb of unknown manganese content, it may 
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often happen that 25 cc. of ferrous sulphate solution are insufficient 
to entirely reduce the pennanganic acid, in which case an additional 
amount of ferrous sulphate must be added. The pipette shown in 
Fig. 17 has been arranged to meet this contingency. It will be 
noticed that the solution of permanganic add upon the addition of 
an insuffident amount of ferrous sulphate does not necessarily retain 
its pink or purple color, but usually cianges to a dirty brown. WTien 
this occurs, the lower part of the pipette may be emptied directly 
into the flask and the value of the two parts taken as the amount from 
which the number of cubic centimeters of permanganate corresponding 
to the excess of ferrous sulphate must be subtracted. WTien the 
sample is low in manganese, the lo-cc. portion of the pipette alone 
may be used, so that the arrangement allows a great deal of varia¬ 
tion in the manganese content of the samples worked on. 

There is no advantage in using permanganate solutions differ¬ 
ing in strength from the one given above, but the strength of the 
ferrous sulphate solution may be changed to meet spedal cases. 



CHAPTER XIX 


MERCURY 

1. Volometric Method.* —Weigh i gram, more or less, of the ore 
according to richness, into an 8-oz. flask. Add lo cc. of i : i sul¬ 
phuric add and about 0.5 gram of potassium permanganate crystals. 
Agitate the flask and heat to boiling, finally boiling to fumes. Allow 
to cool, then dilute with about 50 cc. of cold water, heat to boiling, 
and, while boiling, add oxalic crystals, a little at a time, until the sep¬ 
arated Mn02 is aH reduced and dissolved. Cool under the tap and 
filter, washing with dilute (i : 10) sulphuric add. 

Pass hydrogen sulphide into the cold filtrate to saturation. Filter, 
washing with cold water. Rinse the predpitate from the filter, while 
still in the funnel, as completely as possible, into a porcelain dish or 
casserole and boil it for some time with dilute nitric add (sp. gr. 
i.2-i.3.)t Finally, dilute the mixture with a little hot water and 
filter through the same filter as bdore, washing with hot dilute nitric 
add (i : 3). The filter wiU probably be more or less stained with 
sulphides that could not be rinsed off. The hot filtration and washing 
will tend to deanse these traces of sulphides, so that any impmities 
finally left with the HgS will be negligible. 

2. Wash the well-washed sulphide from the filter into an 8-oz. 
fla^, with hot water, using as little as possible. The stain remaining 
on the filter may usually be neglected. Save the filter, however. 
To the mixture in the flask add 5-6 cc. of strong sulphuric add and 0.5 
gram, or usually less, of potassium permanganate crystals. Boil with 
frequent agitation over a free flame, to fumes. Now remove from the 
heat, and, without cooling, add oxalic crystals, in very small portions 
so as to avoid much excess, until all the separated MnOs is reduced and 
dissolved. Again heat to fumes to destroy the excess of oxalic add. 

* A. H- Low, Qiemist-ADalyst, 1919, 29,13- 
t A mixture of 2 parts of strong add to z part of water will serve. 
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Cool and then dilute with about loo cc. of cold water. The solution 
should be perfectly dear. 

3. Cool to room temperature, add the usual ferric indicator (about 
5 cc. of a strong solution of ferric ammonium sulphate, addified with 
nitric add to decolorize) and titrate with standardized, approximately 
i/io normal, thiocyanate solution to the usual faint brownish tint. 
One cc. i/io normal thiocyanate =0.01003 gram Hg. 

Standardize the thiocyanate as described in Chloedte, 3, or 
Arsenic, 7. 

If the stain on the filter paper is worth recovering, spread the wet 
paper on a watch-glass, sprinkle on a little powdered permanganate, 
add a little i : i sulphuric add and warm a moment. Now add a very 
little dry oxalic add, warm again to dissolve any Mn02 and then rinse 
the solution into the flask containing the balance of the sulphide, con¬ 
tinuing as above in 2. 

4. Eschka’s Method .’*'—Particidarly applicable to lo'uygrade ores .— 
Mix 0.2 to 2 grams of the ore with 1-4 grams of iron filings in a por¬ 
celain crudble of suitable size. Prepare a dish-shaped cover of thin 
sheet gold for the crudble. This cover should be of such a form that 
it can be kept cool by being filled with water; it should be large enough 
to project somewhat over the edge of the crudble, to prevent any 
mercury from escaping. Place the crudble in a ringstand, put on the 
weighed cover and nearly fill it with water. CarefuUy heat the lower 
part of the crudble with a Bunsen burner, but keep the upper part cool. 
A ring of thin asbestos board fitted around the crudble at the proper 
height win assist materially in preventing the top from getting over¬ 
heated. Add cold water to the cover from time to time. It wiU 
require from ten to thirty minutes to distill off the mercur>’. WTien 
the operation is considered ended, remove the gold cover, dip in alco¬ 
hol, dry carefully without heating and weigh. The increase over the 
original weight represents the mercury. A silver cover appears to 
answer practically as wdl as one of gold. 

Notes .—^Instead of filling the cover with water, a small metal dish 
containing water may be placed upon it. The dish should have a 
curved bottom, over which the silver or gold cover has been shaped. 
It is a good plan also to give the edge of die cover a reverse curve, to 
make it fit snu^y over the top edge of the crucible. 

It is best to have a thin layer of iron filings over the charge. 

* Zeit. f. Anal. Chem., Vol. ii, p. 344. 
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Sulphide ores containing arsenic are best mixed with double their 
weight of a mixture of 4 parts zinc oxide and i part sodium carbonate, 
together with iron filings s times the weight of the ore. 

5. Wet Method .—Applicable to cinnabar ores not containing 
appreciable atnounts of other reducible metallic compounds. 

Treat 1-5 grams of the ore, according to its supposed richness, in a 
covered porcelain dish with sufi&dent aqua regia to decompose it. 
Heat gently until decomposition is complete, and then remove and 
wash the cover and evaporate the solution to dr3mess on a water-bath. 
Take up the residue in strong hydrochloric acid and again evaporate 
to dryness to expel all of the nitric add. Again dissolve in hydro¬ 
chloric add, dilute suffidently and filter. To the filtrate add an excess 
of a clear stannous chloride solution containing an excess of add 
(which may be made by dissolving tin in an excess of hydrochloric 
add), and boil the mixture for a short time. The mercuric chloride is 
reduced to finely divided metallic mercury. Allow the predpitate 
to settle completely and then decant the clear liquid carefully. Unite 
the predpitate into one globule by heating it with a little moderately 
dilute hydrochloric add mixed with a few drops of stannous chloride. 
Wash the mercury by decantation, first with water slightly addified 
with hydrochloric add, and then with pure water and then transfer 
it to a wdghed porcelain crudble. Absorb as much of_^the adhering 
water as possible with the filter-paper and then place the crudble in a 
desiccator over sulphuric add. When perfectly dry, weigh as metallic 
mercury. 

The results obtained by this method are certain to be somewhat 
low, owing to the impossibility of evaporating the hydrochloric add 
solutions to dryness, in driving off the nitric add, without volatiliza¬ 
tion of some mercuric chloride with the escaping steam. As a tech¬ 
nical method, however, for low-grade dnnabar ores it answers very well. 

6. Dry Method .—Applicable to aU ores .—^Prepare a combustion- 
tube about 18 or 20 in. long and sealed at one end. Place in the dosed 
end a column of crushed magnesite about 4 in. long, then add a section 
of about 2 in. of freshly ignited caustic lime, then about 4 in. of an 
intimate mixture of a wdghed portion of the ore with an excess of 
caustic lime, rinsing out the mortar with a little lime and adding this 
also, and then about 2 in. of caustic lime. Finally, insert against the 
whole a loose plug of asbestos about 2 in. long. Now draw out the 
end of the tube to a narrow opening and bend it at right angles. Tap 
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the tube horizontally on the table, gently, so as to leave a free passage 
for gases throughout its length. Place the tube in a combustion fur¬ 
nace and arrange a small flask partly filled with water so that the point 
of the tube just touches the water, which thus closes it. Xow proceed 
to heat the tube, beginning at the end containing the asbestos and 
gradually approaching the other end, until the tube is red-hot through¬ 
out the entire portion in the furnace. The carbon dioxide evolved 
from the magnesite serves to sweep out the last traces of mercurj- 
vapor into the water. WTiile the tube is still hot, cut off the point 
above the flask and rinse any condensed mercurj" into the water. 
Agitate the flask so as to collect the mercurj’ into one globule, and, 
after allowing to stand and settle some time, decant off the perfectly 
clear water and transfer the mercurj’ to a weighed porcelain crucible. 
Remove as much of the adhering water as possible with filter-paper 
and then dry the mercury to constant weight over sulphuric acid in a 
desiccator. It must not be heated. 

7. Rrieckhaus’ Volumetric Method.’"—^Weigh 2 grams of the ore 
into a 150-CC. beaker. Add 2 cc. of strong nitric acid and 10 cc. of 
strong hydrochloric acid. Measure the nitric acid first and then 
measure the hydrochloric without washing the glass. This ensures 
getting all of the nitric add, which is essential, although an excess 
must be avoided. 

Allow to stand cold for an hour or more, when all the mercurj' will 
be in solution; or, to save time, heat slightly but not to boiling. 
Now dilute with 10-15 cc. of water, heat nearly to boiling and filter 
into a 300-cc. Erlenmeyer flask, washing with hot water. To the 
filtrate, which contains the mercurj’ (and need not be much over 100 cc. 
in volume), add 60 cc. of stannous chloride solution (prepared as 
described below), cork the flask and allow to stand, tilted at an angle 
of about 45°, until all the mercury has settled and the liquid is clear. 
The settling takes about two hours. 

Decant the liquid and then fill the flask about two-thirds full with 
cold water, slightly addulated with sulphuric add to prevent the sepa¬ 
ration of basic tin salts. Again allow to settle with the flask tilted 
as before. If any mercury floats, a jet of water will cause it to settle. 
In about ten nainutes, decant the clear liquid as completdy as possible. 
Dissolve the predpitated mercury in 2 or 3 cc. of strong nitric add. 

Kindly furnished by Hr. Leon L. Krieckhaus. The results sent by Mr. Krie(dd)a.us 
agree closely 'with those be obbuned by Eschka’s method. 
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wanning gently to ensure complete solution and oxidation to mercuric 
nitrate. 

Add about 75 cc. of cold water and a few cubic centimeters of a 
solution of ferric nitrate, as indicator (or ferric ammonium alum 
slightly acidulated with nitric add), and titrate cold with standard 
potassium thiocyanate solution to the usual red tinge. 

8. If the potassium thiocyanate solution contains 9.69 grams of the 
salt per liter, i cc. will equal o.oi gram of mercury, or 0.5 per cent on 
the basis of 2 grams of ore taken for assay. It is best to standardize 
it with pure silver or silver nitrate, as described in Arsenic, 7. The 
silver value of i cc. multiplied by 0.9298 will give the mercury value. 

Prepare the stannous chloride solution by mixing 50 grams of the 
salt, 50 cc. of strong hydrochloric add and 150 cc. of water, and boiling 
with a stick of metallic tin until clear. Keep a stick of tin in the bottle. 

9. Notes by Mr. Krieckhaus.—^If lead is present in an ore, it can 
probably be largely removed by adding a little sulphuric add before 
filtering off the gangue. If any remains in solution and comes down 
as chloride with the mercury, the chlorine it carries will interfere, but 
the lead chloride could probably be washed out of the mercury with 
■hot water. Stannous chloride predpitates copper as cuprous chloride, 
but this may be easily removed with dilute ammonia. 

In order that the mercury shall settle well, it is best to have the 
solution cold and the tin solution quite strongly add, but not saturated 
with stannotis chloride. Add only i or 2 cc. of the tin solution at 
first and agitate the flask. This will cause a predpitation of mercurous 
chloride. Then add the remainder of the tin solution and allow to 
stand as above described. Under these conditions the mercury will 
settle dear in an hour or two. If the liquid is hot or the tin solution 
too strong, the mercury is so finely divided that it is slow to settle 
and difficult to wash without loss. 

10. Seamon’s Volumetric Method.*—Wdgh 0.5 gram of the finely 
ground ore into an Erlenmeyer flask of 125 cc. capadty. Add 5 cc. 
of strong hydrochloric add and allow it to act for about ten. minutes 
at a temperature of about 40" C., th^ add 3 cc. of strong nitric add 
and allow the action to continue for about ten minutes longer. All the 
morcuiy should now be in solution. Now if lead be present, add 5 cc. 
of strong sulphuric add; it may be onoitted otherwise. Dilute with 
15 cc. of water and then add ammonia cautiously until the liquid is 

* Han\ial for Assayeis and Chemists, p. 112. 



BEAMON’S VOLUMETRIC METHOD 


161 


slightly alkaline. Bismuth, if present, will precipitate. Acidify 
faintly with nitric acid, filter, receiving the filtrate in a beaker, and 
wash thoroughly. 

Add to the filtrate i cc. of strong nitric acid that has been made 
brownish in color by exposure to the light, and titrate with a standard 
solution of potassium iodide until a drop of the liquid brought into 
contact with a drop of starch liquor, on a spot-plate, shows a faint 
bluish tinge. It is a good plan to set aside about one-third of the mer¬ 
cury solution and add it in portions as the end-point is successively 
passed, finally rinsing in the last portion and titrating to the end-point 
very carefully. 

Deduct 0.5 cc. from the burette reading and multiply the remaining 
cubic centimeters used by the percentage value of i cc. in mercury 
to obtain the percentage in the ore. 

The standard potassium iodide solution should contain 8.3 grams 
of the salt per liter. Standardize against pure mercuric chloride. 
Dissolve a weighed amount of the salt in water, add 2 cc. of the dis¬ 
colored nitric add and titrate as above. One cc. of the standard solu¬ 
tion will be found equivalent to about 0.005 gram of mercurj*, or about 
I per cent on the basis of 0.5 gram of ore taken for assay. 

The predpitate of red mercuric iodide which forms during the 
titration may not appear if the amount of mercurj- present is very 
small, but this failure to predpitate does not appear to affect the 
result. 

Iron, copper, bismuth, antimony and arsenic, when added sep¬ 
arately to the ore, did not influence the results in Seamon’s tests. 
Silver interferes. Duplicate results should check within o. 1-0.2 of 
1 per cent. 
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1. Higli-grade Ores and Concentrates.—^Wdgh 0.5 gram of the 
finely ground material. Place in a thin spun-iron crucible of about 
25-30 cc. capacity and mix with i gram of sodium carbonate. Add 
about 6 grams of sodium peroxide and again mix well. 

Holding the crucible with tongs, fuse over a Bunsen burner, heating 
slowly at first and gradually bringing to dull redness. Rotate the 
crucible as the mixture melts, so as to obtain a perfect fusion without 
overheating and destroying the crucible. A low red heat is all that is 
necessary. With a bright red the iron is liable to be strongly attacked 
and the crudble perforated. The initial melting of the mass is slow, 
but a low red heat, persisted in, will eventually bring it to perfect 
fluidity. 

The same crucible should serve for many fusions (cf. Chromium, 2). 
The sodium carbonate is used solely to moderate the action of the 
peroxide. With oxidized material it is uimecessary, but without it 
sulphides may scrntDlate and spatter, or even deflagrate. Add more or 
less than i gram, according to judgment or trial. 

2. After the fusion, allow to cool to a crust on top and then set 
the crucible in a 400-cc. beaker containing about f in. of cold water. 
Cover the beaker and then upset the crucible with a glass rod. Dis¬ 
integration usually occurs quickly without further heating. Remove 
and rinse the cover and then lift out the crucible with the glass rod and 
wash it. 

Add 10 grams of ammonium carbonate, which should be sufl&dent 
to neutralize aU the fixed alkali and leave an excess.^ Warm until the 
a mm onium carbonate is aU dissolved and then filter (best with a 
Witt’s plate and suction) and wash at least ten times with hot water. 

Add about 2 grams of tartaric acid or a tartrate (Rochelle salts) 
to the filtrate, which should still remain strongly alkaline. This is to 
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prevent precipitation of tungsten or vanadium when the solution is 
subsequently acidified. 

3. Saturate the alkaline liquid with hydrogen sulphide, and then 
make slightly add with dilute (i : i) sulphuric acid. Filter off the 
mdi^'bdenum sulphide and wash five or six times with hot water. The 
filtrate may still contain a little molybdenum.* Make it strongly 
alkaline with ammonia and again saturate with hydrogen sulphide, 
then addify and filter as before, using a second filter. 

Place both filters and their contents in a large beaker and add 20 cc. 
of water, 10 cc. of strong nitric add and about 2 grams of potassium 
chlorate. Cover the beaker and warm imtil solution of the molyb¬ 
denum is complete. Rotate the liquid occasionally, to facilitate 
complete solution, but avoid \’igorous stirring or such prolonged 
heating or concentration as would reduce the filters to a fine pulp, 
which might be very difficult to filter. Dilute somewhat and then filter 
into an 8-oz. flask, washing the residue ten times ■with hot water. 

4. Add 5 cc. of strong sulphuric acid to the filtrate and boil down 
to strong fumes. This should oxidize all organic matter dissolved 
from the filters and expel the nitric add. 

After cooling, take up the residue in about 150 cc. of warm water, 
and add 3 cc. of a 4 per cent solution of copper sulphate. Now cau¬ 
tiously add, a little at a time at first, 5 grams of 3o-me3h zinc and 
cover the flask with a watch-glass. If the action is too violent, cool 
the flask to prevent foaming over. Later, the flask may be warmed if 
necessary. Allow the action to proceed, •warm, for about fifteen 
minutes. This should precipitate all the copper, and. inddentally, 
any arsenic present. Zinc alone, without added copper, will not 
remove all the arsenic. Now add a little sulphuric add, to make cer¬ 
tain that the liquid is stiU add, and filter. Wash the residue with cold 
water. 

5. To the filtrate add 20 cc. of i : i sulphuric add. Pour the hot 
solution through the reductor in accordance ■with the directions given 
in 8, which are to be further followed to the end. 

The Fe factor of the permanganate multiplied by 0.5732 gives the 
Mo factor.® Mo multiplied by 1.667 =MoS2 (10/6, approximatel}’). 

6. In the absence of tungsten and vanadium, the process may be 

* I have been informed that if the passage of the hydrogen sulphide is continued for 
about fifteen minutes after the acidification, all the molybdenum will come down with one 
precipitation. 
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skortened as follows: Boil the filtrate from the fusion down to about 
150 cc. and filter off the (usually slight) precipitate that forms. 
Receive the filtrate in an 8-oz. flask, make slightly acid with sulphuric 
a nd and then add $ cc. of the strong add in excess. Again boil down 
to about 150 cc., add 3 cc. of the copper sulphate solution and finish as 
above. 

7. Low-grade Ores.—^The fusion method of decomposition, 
described above, is the best for concentrates, which contain little silica. 
With ores, espedally low grade, and tailings, where a large amount 
may have to be taken to insure accuracy, the dissolved silica may be 
very troublesome. It is best, in such cases, to decompose with adds in 
a flask, taking from i to 5 grams of substance, as may be deemed 
advisable, and adds in proportion. Nitric add may be used first; 
then add hydrochloric add, and perhaps more nitric, and boil until all 
dark partides have disappeared. Molybdenum concentrates might 
resist the add treatment for a long while, but with finely ground ores 
it usually works well. Finally, boil to very small bulk, dilute with hot 
water, add an excess of ammonia, boil, filter and continue as above. 

8. Reduction of the Molybdenum Solution.*—^The reductor tube 
should have at least an 8-in. zinc column, f-in. in diameter, using 20-30 
mesh amalgamated granulated zinc. The end of the reductor tube 
should be prolonged to reach nearly to the bottom of the recdving 
flask. The flask (32-oz.) should contain 30-35 cc. of ferric phosphate 
solution® and the end of the reductor tube should dip bdow this, 
so that’ the reduced molybdenum solution is not exposed to the 
air, but is oxidized at the expense of the ferric phosphate. The 
molybdenum solution should contain about 5 cc. of free sulphuric 
add per 100 cc. and should be passed rather slowly (about five min¬ 
utes) through the reductor, at a temperature of 5o®-75® C. After 
passing the molybdenum solution, the reductor should be washed by 
passing 100 cc. of hot water containing 5 cc. of strong sulphuric add, 
followed by hot water alone. The titration with the permanganate 
(of the strength generally used for iron) should be made in the warm 
solution immediately after reduction. With suflident molybdenum 
present, the liquid in the recdving flask is red. As permanganate is 
added, the red slowly fades and the solution becomes colorless; then 
the final pink tint which follows is easily recognized. A blank should 

•Reduction )n the Pennanganate Method for Molybdenum. Gooch, Methods in 
Chmucal Analysis. Wil^ & Sons, 1912. Pp. 424-429. 
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be made, beginning with 150 cc. of water and 5 cc. of sulphuric acid 
in an 8-oz. flask, adding the copper sulphate and zinc as in i and con¬ 
tinuing as there described. The usual correction obtained in this way 
is about 0.20 cc. of permanganate solution. 

Under the above conditions the reduction is from M0O3 to M02O3, 
and is exact. The permanganate is standardized against sodium oxa¬ 
late (Bureau of Standards), or oxalic acid (see Chapter on Ironj, 
and is made the same strength as for iron determinations. 

Ferric Phosphate Solution.—^Dissolve 100 grams of Ferric Ammo¬ 
nium Sulphate in 5cx) cc. of water, adding 25 cc. of strong sulphuric 
acid, followed by 150 cc. of sjTupy (85 per cent) phosphoric acid, and 
diluting to 1000 cc, _ 

1 (NH4)2C03-f 2NaHO 2NH4HO+Na2CO.. 

® The change by oxidation of ferrous iron to ferric iron may be represented 
by Fe202+0=Fe203. This makes Fe 2 = 0 . 

The oxidation, in the case of molybdenum, is represented by Mo.Ou-rOa — 
M02O6, or, 2M0O3. This makes Moa-Os. 

If Fe 2 = 0 , then Fe6=OG=Mo2, or, Fes^Mo. This gives the ratio 167.52 
Fe=96 Mo, or, i Fe=o 5732 Mo. 

* WTien ferric phosphate is used, it is actually iron and not molybdenum that is 
titrated- The ferric salt does the oxidizing previous to the titration, and a cor¬ 
responding amount of ferrous salt is formed, this is then titrated with perman¬ 
ganate. 


9. Gravimetric Determination as Lead Molybdate.—Proceed 
according to Method i, up to the point where the molybdenum sul¬ 
phide has been dissolved and filtered (4). The filtrate should, in this 
case, be received in a 400-cc. beaker instead of an 8-oz. flask, ilake 
the liquid in the beaker alkaline with strong ammonia, adding about 
10 cc. in excess, then reacidify with acetic acid in a few cubic centi¬ 
meters excess. (Filter again if necessarj^ washing with hot water.) 

Have ready a 4 per cent solution of lead acetate, made by dis¬ 
solving 20 grams of the salt in 500 cc. of water and adding a few cubic 
centimeters of acetic acid to clear the liquid. One cubic centimeter 
of this solution will precipitate about o.oi gram of molybdenum, or 2 
per cent on the basis of 0.5 gram of ore taken. 

Add an excess of this lead acetate to the molybdenum solution, 
heat to boiling and then allow the crystalline precipitate to settle, 
hot, for a short time. Filter while hot, through an ashless filter, and 
wash thoroughly (till free from chlorides) with hot water. Transfer 
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the moist filter and precipitate to a weighed porcelain crucible, heat 
gently until dry, then naaintain at a dull-red heat for about twenty 
mimitftR. The paper will bum off without danger of reducing the lead. 
Cool and weigh as PbMo04. The weight of the latter, multiplied by 
0.2615, give the weight of the Mo. 

None of the ordinary elements interfere. 

10. Gravimetric Lead Molybdate Method. Bonardi’s Modifica¬ 
tion.*—^Bonardi states that this is undeniably one of the best methods 
for determining molybdenum. 

Weigh 0.25 to 5.0 grams of the finely pulverized material (depend¬ 
ing upon the grade of sample, not to contain over 0.15 gram of Mo, 
equivalent to 0.25 gram M0S2) into a 250-cc. Erlenmeyer flask. Add 
IS cc. of nitric add and heat until the brown fumes are gone; then 
add 5 to 10 cc. of hydrochloric add and heat about twenty minutes, 
or nearly to dryness. Allow to cool, wash down the sides of the flask 
with water, and heat about ten minutes longer to dissolve as much of 
the base metal salts as possible. For wulfenite ores, steels and alloy 
products it is best to add about 6 cc. of sulphuric add just previous 
to this last heating and run down to fumes, again allowing to cool, 
washing down with water and then heating for about ten minutes. 

Now make the mixture strongly ammoniacal, heat for a few min¬ 
utes and filter hot, washing with hot water at least five times. Punc¬ 
ture the filter and wash the residue of insoluble material, iron and 
aluminum hydroxides into the original flask. Add suflident hydro¬ 
chloric add to dissolve the predpitated hydroxides, then make the 
solution strongly ammoniacal, heat, filter and wash as before, recdv- 
ing the filtrate in the beaker containing the first portion. This second 
predpitation is to recover any molybdenum ocduded by the sep¬ 
arated hydroxides. The molybdenum is now in the form of ammo¬ 
nium molybdate in a solution free from silica, iron and alumina, also 
lead if the sample was taken to fumes with sulphuric add. 

The volume of the solution should now be approximatdy 350 cc. 
Add a little methyl orange as indicator, make just add with hydro¬ 
chloric add and then add about 5 cc. in excess. Add 5-10 grams 
of ammonium acetate and 2-5 cc. of acetic add. Heat to boiling. 

Have ready a lead acetate solution containing about 18 grams of 
the crystallized salt per liter. Run this slowly into the boiling-hot 
molybdenum solution from a burette, imtil a test drop taken from 
* J. P. Booardi, fomieriy of U. S. Bureau of Mines, Pnvate cwnmunication. 
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the solution gives no color change on a spot plate with a drop of fredily 
made tannic acid solution (about o.io gram dissolved in 20 cc, of 
water). Now add 2-5 cc. excess of the lead acetate solution and 10 cc. 
of acetic acid. Heat to boiling and keep at the boiling-point from 
fifteen to thirty minutes, or until the precipitated PbMoOi has crj’S- 
tallized and settled. 

When settled, filter while hot, and wadi well with a hot 2 or 3 
per cent solution of ammonium acetate. The initial washing may be 
with hot water, but water alone will eventually cause the precipitate 
to run through, by becoming colloidal. A bulky precipitate is best 
washed two or three times by decantation, with a dilute solution of 
ammonium nitrate, before it is transferred to the filter. 

Place the washed filter and precipitate in a fire-clay annealing cup, 
and ignite at a dull-red heat, in a muffle or otherwise. Prolonged 
ignition at a much higher temperature than necessarj- to destroy the 
paper does no harm. After cooling the ignited precipitate, brush it 
out of the annealing cup mto the balance pan. and w'eigh it. If it has 
been properly washed it will not adhere to the cup. It should be of a 
yellowish-white color. 

The weight of the PbMo04, multiplied by 0.2615, will give the 
corresponding w'eight of molybdenum. 

No/e.—Phosphorus, arsenic and antimony might interfere with 
the above method by forming insoluble compounds with the various 
base metals in the acetic add solution. With most ores there is 
usually suffident iron present to combine with and remove these inter¬ 
fering elements in the ammonia precipitation. In unusual cases, or 
if in doubt, the addition of 2 grams of ferric chloride or sulphate, before 
the predpitation with ammonia, will ordinarily be suffident to take 
care of all the arsenic, antimony and phosphorus. As a general rule, 
the iron required is at least ten times the wreight of the arsenic and 
antimony assumed to be present. Soluble salts of mercury', copper, 
cadmium, zinc, nickel, cobalt and manganese do not interfere with 
the method. Vanadium and tungsten must be removed. 
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NICKEL AND COBALT 

1. NickdL Alone. Method for Ores, etc.—^Weigh 0.5 gram of the 
ore, and make the sulphate fusion, or melt, in an 8-oz. flask, as de¬ 
scribed in Antimony, 2. To the cool residue add 100 cc. of water and 
5 cc. of hydrochloric add. Heat, or boil gently, to dissolve or disin¬ 
tegrate the cake. See that aU anhydrous ferric sulphate goes into 
solution. It usually appears in the agitated liquid as pearly scales 
which gradually disappear. Without cooling, pass in hydrogen sul¬ 
phide for about ten minutes. Filter through a 9-cm. filter from the 
sulphides of arsenic, antimony, copper, etc., washing with hydrogen 
sulphide water. Receive the filtrate in a beaker. 

2. Boil the filtrate until the hydrogen sulphide is expelled, then 
add a little bromine water to oxidize the iron and boil off the excess 
Now add 2 grams of tartaric add (to keep iron in solution) and 2 grams 
of ammonium chloride (to keep manganese and zinc in solution). 
Make slightly alkaline with ammonia. If a doud forms, add more 
ammonium chloride until clear. See that the liquid remains slightly 
alkaline. 

3. Heat nearly to boiling. Add dimethyl glyoxime in i per cent 
alcoholic solution, until the wdght of the reagent added is about seven 
times the assumed weight of the nickel present. Add ammonia, if 
necessary, until a faint but distinct odor is apparent. Stir weU, and 
then set the beaker in a hot place for about fifteen minutes. Filter 
the hot mixture throu^ a wdghed Gooch crudble, and wash weU with 
hot water. 

4. Dry in an oven at 110-120° C. to constant weight. The scarlet- 
red nickel compound is nickel-dimethyl glyoxime. It has the formula 
(C^7N202)2Ni and contains 20.32 per cent of nickel.^ 

5. Cobalt does not interfere unless it is present in considerable 
amount. If more than o.i gram is present, a large excess of ammonia 
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and dimethyl glyoxime is necessarj' to keep it in solution; hence it is 
better in such a case to start with less than 0.5 gram of material. 

Theoretically, about 4 parts of dimethyl glyoxime are required for 
I part of nickel,2 but an excess is alw’ays ad\’isable. An excess does 
no harm unless the alcohol of the reagent solution exceeds more than 
one-half the volume of the aqueous nickel solution, in which case the 
alcohol has a slight solvent action on the precipitate. 

6. On the basis of 0.5 gram of ore taken for analysis, and using 7 
parts of the reagent in i per cent alcoholic solution to r part of nichel, 
for every per cent of nickel assumed to be present, add 3.5 cc. of the 
dimethyl glyoxime solution. 


‘ The formula of mckel-dimethyl glyoxime being fC.HrXsOjIjXi. the molecular 
weight is 288 864. The atomic weight of nickel is 58 68. therefore the percentage 
of nickel in the compound is 58 68 • 288 864 Xioo = 2032 

»The reaction between nickel and dimethyl glyoxime may be represented as 
follows: 



"HNiCli! 


H,a /CH, H,C. ,CH= 

>-C< >-< -i-'HO 

Hotr ^XO-Si-OX^ ^XOH 


or, more briefly, 

(CiXAHsl^-l-NiCL -* (C 4 NAH 7 bXi-r 2 HCl 


The molecular weight of dimethyl glyoxime is 116 i This doubled, or 232 2, 
= $8 68 Ni. Thus i part by weight of nickel requires theoretically 3 958 parts of 
dimethyl glyoxime, or, roughly, 4 parts 


7. Cobalt. Method for Oresi etc.*—^Treat 0.5 gram of the ore 
precisely as described in i. Having the filtrate from the hydrogen 
sulphide precipitation in a sufficiently large beaker, boil off the excess 
of hydrogen sulphide. Remove from the heat, and with the beaker 
covered to avoid loss by effervescence, add sodium carbonate until the 
solution is plainly alkaline, then readdify slii^tly with hydrochloric 
add. Heat to boiling and boil a short time, to expel carbon dioxide 
and thus avoid subsequent spattering. Remove the beaker cover and 

* Modified from Gfles’ description. W. W. Scott’s Standard Methods of Chemical 
Analyds. 
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add an emulsion, of zinc oxide to the hot solution in evident excess, as 
shown by the presence of undissolyed zinc oxide after boiling. Filter, 
while hot, through an ii-cm. filter and wash ten times with hot water. 
Receive the filtrate in a large beaker. 

8. Dilute to about 300 cc. with hot water. Add 6 cc. of strong 
hydrochloric acid and heat to boiling. Now, for every per cent of 
cobalt presumed to be present, add i cc. of a freshly prepared solution 
of nitroso-beta-naphthol. This solution is made by dissolving i 
gram of the salt in 10 cc. of glacial acetic add. After adding the 
reagent, boil for about two minutes, then remove from the heat, stir 
well and set aside for a short time until the bright red predpitate 
settles. • 

9. Filter the hot solution through a filter of convenient size. 
Rinse out the beaker with hot i : i hydrochloric acid, then wash the 
filter and predpitate five times with this add, alternating with five 
washes with hot water. Finally wash ten times with hot water. 

10. Transfer filter and predpitate to a weighed quartz or porce¬ 
lain crudble, ignite gently xmtil the carbonaceous matter is burned 
off, and then at as high a temperature as possible to constant weight. 
Wdgh the residue as C03O4. This wei^t, multiplied by 0.7343, will 
give the weight of the cobalt.* 

If desired, the C03O4 may be reduced in hydrogen and wdghed as 
metal. 

11. The nitroso-beta-naphthol predpitate is voluminous, and 
therefore the quantity of sample taken for analysis should not contain 
over o.i gram of cobalt, or 20 per cent on the basis of 0.5 gram taken. 
None of the ordinarj' elements interfere with the method as described. 
The method is espedally suitable for the determination of cobalt in 
the presence of comparatively large amounts of nickel. Nitroso-beta- 
naphthol, CioHeOCNOH), forms with cobalt the compound 
Co(CioH 60(NO))3, cobalti-nitroso-beta-naphthol, which is insoluble 
in hydrochloric add, while the corresponding nickel compound is sol¬ 
uble. 

‘ The molecular wdght of Coi04 is 240.91. This corresponds to three times the 
atomic wa^t of cobalt, or, three times 58.97=176.91. Thai, 176.91/240.91 = 
o-7343i the factor required. 


12. Electrolytic Method, Gmng Combined Nickel and Cobalt.— 
Decompose 0.5 gram of the ore, as completely as possible, in a covered 
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evaporating dish, by heating with lo cc. of hydrochloric acid and 5 cc. 
of nitric acid. Boil to small bulk, then add 10 cc. of hydrochloric acid 
and 5 grams of pure, finely cr}’stallized ammonium chloride. Remove 
the cover and evaporate on a water-bath, to complete dryness. Allow 
to cool, add 25 cc. of strong ammonia, and warm on the water-bath, 
with frequent stirring, using a rubber-tipped glass rod, until the disin¬ 
tegration of the residue is complete. Filter into a beaker, through a 
9-cm. filter, and wash ten times with warm dilute ammonia. The 
residue on the filter will be free from all but negKgible traces of 
nickel or cobalt. 

13. Again evaporate on the water-bath to small bulk, and then 
transfer the solution to a 25-in. evaporating dish, remo\Tng any residue 
adhering to the large dish with a few drops of hydrochloric acid, and 
adding to the rest. Continue the evaporation on the water-bath to 
complete dryness, then heat carefully over a small free flame imtil all 
the ammonium chloride present is expelled. Any zinc present will be 
driven off at the same time. 

14. When cool, dissolve the residue in nitrohydrochloric acid and 
expel the excess of acid by evaporating nearly to drjmess. Take up 
in 5 cc, of hydrochloric acid, transfer to a beaker, dilute to about 
250 cc. with hot water, and pass in hydrogen sulphide until cold. 
Filter off any precipitated sulphides, washing with dilute hydrogen 
sulphide water. Receive the filtrate in a large beaker. 

Boil the solution to sufficiently small bulk and then transfer to an 
evaporating dish and evaporate on a water-bath to complete dr}me5s. 
Dissolve the residue in a little dilute sulphuric acid. Transfer to the 
beaker in which the electrolysis is to be made, add about 5 grams of 
ammonium sulphate and 40-60 cc. of strong ammonia, and dilute 
to about 125 cc. with distilled water. The solution is now ready for 
electrolysis. 

The electrolytic apparatus may be the same as described for copper 
(see Copper, 18). The beaker used is about 5 cm. in diameter and 
8-9 cm. high. See article, Electrolysis, for details as to arrange¬ 
ment of apparatus, etc. 

1$. Insert the electrodes and electrolyze at room temperature with 
a current density of NDioo=o.5—0.7 amp. and an electrode tension 
of 2,8-3.3 volts. The electrolysis is usually finished in three to four 
hours. To test for its completion, a little of the solution may be 
removed with a capillary tube and tested with ammonium sulphide. 
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If no black precipitate is obtained, the operation may be considered 
ended. The solution should still be strongly ammoniacal. Having 
broken the circuit, remove the cathode, wash it first with water and 
then with alcohol (preferably absolute), diy at about 100“ C., and 
weigh. The excess over the original weight represents the combined 
nickel and cobalt. 

16. Separation of Nickel and Cobalt.—Perhaps the best method 
of accomplishing this is to determine the two metals together elec- 
trolytically, as just described, and then determine one of them sep¬ 
arately. thus arri%Tng at the other by difference. 

Dissolve the metals from the electrode by boiling for about twenty 
minutes with strong nitric acid in a covered beaker. Remove and 
wash the electrode, and evaporate the solution to small bulk, to remove 
most of the acid. Orditrarily, this is best done in an evaporating dish 
on a water-bath. Transfer the concentrated solution to a beaker, 
add about 2 grams of ammonium chloride and then make very slightly 
alkaline with ammonia. Dilute to about 150 cc. and determine the 
nickel according to 3-4. 

If preferred for any reason, the cobalt may be determined instead 
of the nickel. In this case the concentrated solution in the evaporat¬ 
ing dish should have an excess of hydrochloric add added to it and be 
evaporated to complete dryness, to expel nitric add. Take up the 
residue in 6 cc. of hydrochloric add and a little water, dilute to about 
300 cc. with hot water and continue according to 8, et seq. 

Of course, either the nickel or the cobalt may be determined in the 
original ore, according to the predous methods, before the electrolysis 
is finished. 

17. S^aration of Nickd and Cobalt by Liebig’s Potassiiun 
Cyanide Method.—^Proceed as described in 12, 13 and 14 until zinc, 
if present, has been expelled and the nitrohydrochloric add solution of 
the reddue has been evaporated nearly to dryness to expel the excess 
of add. Now dilute suffidently and neutraliz® with pure potassium 
hydroxide, finally adding 5 grams in excess; then add pure potassium 
cyanide until the predpitate redissolves and the potassium cyanide is 
in slight excess. To the wann solution add saturated bromine water 
with constant stirring, until the predpitation of the nickel as black 
nickelic hydroxide is complete. The solution must be kept strongly 
a lkaline throughout the process. Finally, dilute the mixture with 
cold water and filter, wrashing the predpitate with hot water. 
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Dissolve the precipitate in dilute sulphuric acid and determine the 
nickel electrolytically, as described in 14, at same point. 

The filtrate contains the cobalt as potassium cobalticj'anide. 
Acidify with dilute sulphuric add and evaporate as far as possible 
on the water-bath, then add a little concentrated sulphuric add and 
heat the mixture over a free flame until dense white fumes are evolved 
and effervescence has ceased. The cobalt in the colorless potassium 
cobalticyanide is thus changed into the rose-red sulphate. Cool, 
dilute, filter from any silica, and determinte the cobalt in the filtrate 
electrolytically, predsely as described for nickel (14, at same point). 
Or, the filtrate may be treated as follows: Heat to boiling in a porcelain 
casserole and predpitate the cobalt as black cobaltic hydroxide by 
the addition of potassium hydroxide and bromine water. Filter 
through a dose filter (such as Schldcher and SchuU’s No. 589, blue 
band), dry and ignite. After cooling, extract with water to remove 
the small amount of alkali always present, then dr>’ the residue and 
ignite in a current of hydrogen in a Rose crudble, finally weighing the 
cobalt as metal. 

After weighing, dissolve the metal in hydrochloric acid, evaporate 
to (hyness, moisten the residue with hydrochloric acid, dilute and filter 
off the small residue of silica. Ignite, w'eigh and deduct this weight 
from the previous one to obtain the true weight of the cobalt. 

18. Sensitive Test for Nickel.*—a-dimethyl glyoxime is a very' 
sensitive reagent for nickel in solution, and gives a scarlet predpitate, 
or, with traces of nickel, a yellowish solution from which the red pre¬ 
dpitate separates on cooling. The best method of applying this 
reagent is to remove the excess of add from the solution to be tested, 
by adding excess of ammonia or sodium acetate, and then to add the 
powdered dimethyl glyoxime, and to boU for a short time. Distinct 
indications are obtained with solutions containing only i part of nickel 
per 400,000 of water. The reaction is not disturbed by the presence of 
ten times as much cobalt as nickd, but when the proportion of cobalt 
is much greater than that of nickd, it is best to add a very' large excess 
of ammonia to the liquid and to shake repeatedly', excess of the 
dimethyl glyoxime being then added and the solution boiled for a diort 
time. In testing by this method for nickel, in such products as com¬ 
mercial cobalt salts, the reaction is manifested by the appearance of a 
scarlet scum rising up the walls of the test-tube, but it is generally 
* L. TschugaeS. Ber., 1905,38,3530^2532. Jour. Soc. Qtem. lod., XXIV, 941. 
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necessary to filter or siphon off the cooling liquid and wash the residue 
■with water; in the presence of nickel this residue is red, but if nickel 
is absent, it is quite colorless. In this way i part of nickel can be 
detected when admixed with 5000 parts of cobalt. 

19. Sensitive Test for Cobalt.*—If a concentrated solution of 
ammonium thiocyanate is added to a cobaltous solution, the latter 
becomes a beautiful blue, owing to the formation of ammonium cobalt¬ 
ous thiocj'anate. On the addition of water the blue color disap¬ 
pears and the pink color of the cobaltous salt takes its place. If, 
now, amyl alcohol is added for a mixture of equal parts of amyl alcohol 
and ether', and the solution is shaken, the upper alcoholic layer is 
colored blue. This reaction is so sensitive that the blue color is rec¬ 
ognizable when the solution contains only 0.02 mg. of cobalt. Nickel 
salts produce no coloration of the amyl alcohol. If, however, iron is 
present, the red Fe'CNSld is formed, which likewise colors the amyl 
alcohol, making the blue color fdue to cobalt) verj’ indistinct, so that 
imder some conditions, it can no longer be detected. However, if 
some sodium carbonate solution is added, the iron ■will be precipitated 
as ferric hydroxide, while the blue color produced by the cobalt is 
unaffected. 

20. Determination of Nickel in Steel.f—^Dissolve about 0.5 gram 
of the steel in 10 cc. of strong hydrochloric acid, add sufl&dent nitric 
acid to completely oxidize the iron, and, if silica separates, add also a 
little hydrofluoric acid. Finally, add 2 or 3 gr ams of tartaric acid and 
dilute the solution to about 300 cc. Carefully test the solution to see 
if enough tartaric acid is present to prevent any precipitation of iron 
when the solution is made alkaline ■with ammonia, and add more tar¬ 
taric add if necessary. Now neutralize the solution so as to leave it 
slightly acid, heat nearly to boiling and add 20 cc. of a i per cent alco¬ 
holic solution of dimethyl gloxime; then verj' carefully neutralize the 
slight excess of add ■with ammonia leaxing the solution so that it barely 
smells of this reagent. Filter the hot mixture through a Gooch filter, 
wash the predpitate with hot water and dry at no‘’-120“ C. for forty- 
five minutes. Weig^ as Ni(C4H7N202)2, containing 20.32 per cent of 
nickel. 

The determination can be made within about two hours. The 

• Vogel’s reartion. From TreadweB’s .Analj-tical Chemistry (Hail), Vol. I, p. 137. 

t Treadwell’s .AnaL Chem. cHaJlJ, 2nd Ed., Vol. 11 , p. 146. 0 . Brunck, Stahl nnd 
Eisen, 28,331. 
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results are accurate, but may sometimes appear low, from the fact 
that any cobalt present is not determined with the nickel, as it may 
be with some other methods. 

21. Volumetric Method for Nickel.—In the following method * 
nickel may be accurately determined in the presence of aluminum, 
ferric iron, magnesium and zinc. Manganese and copper must be 
removed. Cobalt counts as nickel. If present, it may be detected 
during the titration by the darkening of the solution. The method jis 
especially applicable to the assay of nickel mattes and German silver. 
In the case of ores it may be applied to the purined solution after 
remo\dng iron, manganese, copper, etc., and boiling ofit any hydrogen 
sulphide. 

The following solutions are required: 

Standard silver nitrate, containing about 3 grams of silver per liter. 
The strength of this solution must be accurately known. 

Potassium iodide, 10 per cent solution. 

Potassium cyanide, 22 to 25 grams per liter. This solution must 
be tested every few days.f 

Standardizing the Cyanide Solution, —First, accurately establish 
the relation of the cyanide to the silver solution Run into a beaker 
3 or 4 cc. of the former, dilute this with about 150 cc. of water, render 
slightly alkaline with ammonia, and then add a few drops of the 
potassium iodide. Now carefully run in the silver s(»lution until a 
faint permanent opalescence is produced which is finally caused to 
disappear by the further addition of a mere trace of cyanide. The 
respective volumes of the silver and cyanide solutions are then read 
off, and the equivalent in cyanide of i cc. of silver solution calculated. 
Now calculate the metallic silver value of i cc. of the cj’anide solution 
and multiply this by 0.2720 to obtain the nickel value. 

22. Titration of a Nickel Solution ,—^The nickel solution f containing 
not more than about o.i gram of nickel) must have sufficient free acid 
present to prevent the formation of any precipitate on the subsequent 
addition of ammonia to alkaline reaction; if this is not the case, a 
little ammonium chloride may be added, ilake distinctly alkaline 
with ammonia, add a few drops of the potassium iodide solution and 
dilute to 150 or 200 cc. A few drops of the silver solution are now run 

* T. Moore, Chem, News, 72,92. 

t The addition of about 5 grams of potassium hydroxide per liter is said to increase its 
permanency. 
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in and the solution stirred to produce a uniform turbidity. Cool the 
mkture to at least 20° C. and it is ready to be titrated with the potas¬ 
sium cyanide solution, which is added slowly and with constant stir¬ 
ring until the precipitate wholly disappears; a few extra drops are 
added, after which the beaker is placed under the silver nitrate 
burette, and this solution gently dropped in until a faint permanent 
turbidity is again ^•isible; this is now finally caused to dissolve by the 
mere fraction of a drop of the c>’anide. A correction must now be 
applied for the excess of cj'anide added, by noting the amount of silver 
solution employed and deducting its value in cyanide solution from 
the amount of the latter used. The amount of cyanide solution 
actually consumed by the nickel is thus arrived at, from which the 
percentage of nickel is calculated. 

If aluminum, magnesium or ferric iron are present, they may be 
kept in solution with either citric add, tartaric add or sodium P3nro- 
phosphate. In the presence of zinc, use sodium pyrophosphate. The 
action of iron is somewhat deceptive, as the solution, once deared up, 
often becomes troubled again on standing for a minute; should this 
occur, a further addition of cyanide must be given until the liquid is 
rendered perfectly limpid. The temperature of the solution should 
never exceed 20® C.: above this the results become irregular. The 
amount of free ammonia also has a disturbing influence; a large excess 
hinders or entirely prevents the reaction; the liquid should, therefore, 
be only slightly but verj’ distinctly alkaline. The potassium cyanide 
should be as pure as possible. The most hurtful impurity is sulphur, 
which causes a darkening of the solution owing to the formation of the 
less readily soluble silver sulphide. To get rid of the sulphur impurity 
it is necessary to thoroughly agitate the cyanide liquor with lead oxide, 
or, what is far preferable, bismuth oxide. 

In the hands of Mr. Moore, the above method, after many thou¬ 
sands of determinations, has been found to be more accurate and 
reliable than either the electroIjTic or gravimetric methods. 

23. Modification of the above Metiiod Applied to the Det»- 
mination of Nickel in Nukiel Steel.*—The determination can be 
made with speed and accuracy, even in the presence of iron, man¬ 
ganese, chromium, rfnc, vanadium, molybdenum and tunpten. 

Requirements .—^The potassium cyanide solution should be about 
equivalent to a tenth-normal ^ver solution, and is prepared by dis- 
* Tttadmll’s AnaL Owm. (Hall}, ad Ed., p. 656. Nuneioiis references are given. 



NICKEL IN NICKEL STEEL 


177 


solving 13.3 grams of pure potassium cyanide and 5 grams of potas¬ 
sium hydroxide in water and diluting to i liter. 

The silver nitrate solutioa is made exactly tenth-normal and is 
prepared by dissolving 8.4944 grams of AgXOa in water and diluting 
to exactly 500 cc. One cubic centimeter of this solution is equivalent 
to 0.01302 gram KCN, or to 0.002935 gi^am Ni. It is used for stand¬ 
ardizing the potassium cyanide solution, and in the analysis itself. 

The potassium iodide solution contains 2 grams KI in 100 cc. 

Determination .—Dissolve i gram of the steel in a casserole with 
10 to 15 cc. of nitric acid (sp. gr. 1.20), adding a little hydrochloric 
acid if necessary. After the steel has dissolved, add 6 to 8 cc. of sul¬ 
phuric acid (i ; i) and evaporate until fumes of the latter begin to 
come off. Cool the residue, add 30 to 50 cc. of water, and heat until 
the anhydrous ferric sulphate has all dissolved. Transfer the solution 
to a 400-cc. beaker, filtering if necessaiy, and add 13 grams of sodium 
pyrophosphate dissolved in 60 cc. of water at about 60® C. The 
pyrophosphate solution must not be boiled, as this causes the forma¬ 
tion of normal phosphate. The addition of the sodium pyrophosphate 
produces a heavy white precipitate of ferric pyrophosphate. Cool 
the liquid to room temperature and add dilute ammonia (1:1), drop 
by drop, while stirring constant^, until the greater part of the precip¬ 
itate has dissolved and the solution has assumed a greenish tinge. 
At this point it should react alkaline toward htmus, but should not 
smell of free ammonia. Now heat the solution gently, while stirring, 
and the remainder of the pyrophosphate will dissolve, gi^rng a per¬ 
fectly clear light-green solution. If the ammonia is added too fast, 
or the solution is not carefully stirred, a brownish color is likely to 
result, but this can usually be overcome by carefully’ adding a few drops 
of dilute sulphuric acid. Cool the dear solution to room temperature 
and add 5 cc. of the standard silver nitrate solution together with 
5 cc. of the potassium iodide. Now titrate the solution with the 
potassium cyanide, adding it until the precipitate of silver iodide has 
disappeared. Finish the titration by adding just enough additional 
silver nitrate to again produce a slight turbidity. Before calculating 
the percentage of nickel, make a correction for the amount of silver 
nitrate added. 

Remarks .—^The results obtained by the potassium cyanide titration 
of nickel are said to be very satisfactory. It can be carried out in the 
presence of most of the other elements of the ammonium sulphide 
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group/ If copper is present in amounts not exceeding 0.4 per cent, 
the copper will replace almost exactly three-quarters of its weight of 
nickel. In case chromium is present, the dark color due to the pres¬ 
ence of chromic salts may be obviated by adding to the original sul¬ 
phuric acid solution a 2 per cent solution of potassium permanganate 
until a slight permanent precipitate of manganese dioxide is obtained, 
whereby the chromium is oxidized to chromic acid. The solution is 
filtered, concentrated in a 400-cc. beaker to about 60 cc., then treated 
with sodium pyrophosphate, as described above. The method is not 
applicable in the presence of cobalt, but when the amount of the latter 
dues not exceed one-tenth the amount of nickel present, the titration 
can be carried out successfully and the results represent the amount of 
nickel and cobalt present. 

24. Volumetric Method for Nickel in Ores.f—This is a modifi¬ 
cation of the cyanide method described in 21. The following descrip¬ 
tion is given in the words of its author. Two standard solutions are 
required; silver nitrate and potassium cyanide. 

The standard silver nitrate solution is made by dissolving 14.48 
grams of C, P. recrystallized silver nitrate in distilled water and 
making up to 1000 cc. This solution should be made exact; if this 
is done, i cc. will be equivalent to 0.0025 gram of nickel. If the silver 
nitrate used is pure, and the resultant solution perfectly clear, there 
wdll be little need of standardization, as the methods most used in 
standardizing silver solutions will show a greater error than will be 
noted in the making up of the solution. 

The standard cyanide solution should be made so as to be exactly 
equal in strength to the silver nitrate solution. This may be done as 
follows: Weigh up 12 grams of 95 per cent potassium cyanide, or, 11.6 
grams of 99 per cent, dissolve in water and dilute to 1000 cc. Fill 
one burette with this solution and another "with the silver nitrate solu¬ 
tion. Rim 50 cc. of the cyanide solution into a large beaker, add 10 
drops of a 5 per cent solution of potassium iodide, 10 cc. of ammonia, 
dilute to about 200 cc. and titrate with the silver nitrate solution 
until a distinct, but not too deep, yellowish doud of silver iodide is 
formed, indicating that the end-point has been reached. The cyanide 
will be found to be slightly stronger than the silver nitrate. For 

* Instead of using sodium pyrophosphate to prevent the interference of iron and other 
metals, many chemists use citric or tartaric add. 

t E. C. D. Marriage, Eng. and Min. Jour., July, 1921,174. 
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example: 51.3 cc. of the silver nitrate solution may have been required 
to neutralize 50 cc. of the cyanide solution, in which case add 1.3 cc. 
of water to each remaining 50 cc. of the cyanide. Another trial should 
demonstrate the two solutions to be of equal strength. 

25. Treatment of an Ore.—Weigh 0.5 gram of the ore into an 8-oz. 
flask, add 15 cc. of nitric acid, heat till red fumes have ceased to come 
off, add 5 grams of potassium chlorate and take to complete drj-ness, 
but avoid baking. WTien cool, add 10 cc. of hydrochloric acid and 
take to dr}Tiess as before. Allow to cool and take up with 10 cc. of 
hydrochloric acid and 40 cc. of water. Heat gently until all soluble 
matter has gone into solution, filter, washing thoroughh' with suc¬ 
cessive small amounts of hot water, ilake the nitrate alkaline with 
ammonia, add 10 cc. of bromine water and bod off the excess of bro¬ 
mine. Filter, redissolve the residue with hydrochloric acid and repre¬ 
cipitate to recover any occluded values Filler through the same 
filter as before. Acidify the filtrate with hydrochloric acid and add 
10 cc. in excess. If manganese is known to be absent, the ammonia 
precipitation should be omitted, in which case the filtrate from the 
flask is ready for the next step. In cither case, hydrogen sulphide 
is passed through the hydrochloric acid solution until no further 
precipitation takes place. Filter, wash thoroughly with hot water, 
and boil off the excess of hydrogen sulphide from the filtrate. If 
the solution exceeds 150 cc. in volume, reduce by evaporation. Add 
15 cc. of bromine water, to oxidize the solution thoroughly, and boil 
off the excess of bromine. Cool to approximately 60° F., add 
15 cc. of a 10 per cent solution of citric acid, then neutralize with 
ammonia and add 10 cc. in e.xcess. If there is any nickel present the 
solution will have a distinct blue color, nickel being similar to copper 
in this respect. The solution is now ready for titration and should 
be about 200 cc. in volume. 

26. Titrate with the standard cj’anide solution until the blue color 
has disappeared, and add 5 to 10 cc. in excess. It is well to add a 
round number of cubic centimeters in order that the calculation may 
be simplified. Add about 10 drops of the potassium iodide indicator 
and titrate with the silver nitrate solution until the yellowish cloud 
appears. If there is any doubt as to the correctness of the end-point, 
add an additional $ cc. of the cyanide and again finish with the silver 
nitrate. The results should correspond; that is, if 30 cc. of the cya¬ 
nide solution had been used and the silver nitrate burette showed a 
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reading of 20 cc.. then, if the titration is correct, 35 cc. of the cyanide 
should take 25 cc. of the silver nitrate, the difference in both cases 
being 10 cc. It is this difference between the readings of the two 
burettes that measures the quantity of nickel present, each cubic cen¬ 
timeter of the difference being equivalent to 0.0025 gram of nickel. 
In the example quoted, the difference is 10 cc., which is equivalent to 
5 per cent of nickel, the weight of the ore taken being 0.5 gram. 

If the cyanide solution is not exactly equal in strength to the silver 
nitrate solution, the quantity of cyanide used must be calculated 
to its equivalent in silver nitrate before subtraction is made. 

There are few elements that interfere in this determination, man¬ 
ganese, copper, lead, silver, arsenic and antimony being eliminated 
in the two precipitations described. Cobalt, when present, coxmts 
as so much nickel. Zinc, when present in any quantity, seems to have 
no effect whatever. 

.To/e.—^In ^’iew of the fact that there is considerable diflSculty in 
making the cj’anide solution exactly equal to the silver solution, and, 
furthermore, as it is unstable and will not hold its strength very long, 
it would seem that the emplotment of an approximately correct solu¬ 
tion, standardized whenever considered necessary and used with a 
factor to show its equivalent in correct solution, would ordinarily be 
the most convenient plan. (.A.. H. L.) 

27. Electrolytic Method in General Use at Cobalt, Ont., Canada.*— 
Treat i gram of the ore in a 250-cc. beaker with 10 cc. of strong nitric 
acid and 5 cc. of strong hydrochloric acid. When decomposition is 
complete add 15 cc. of strong sulphuric add and boil until the sul¬ 
phuric add is fuming strongly. Allow to cool, take up with water, 
add 5 cc. of strong hydrochloric add to assist solution, and boil gently 
for a few minutes. Remove from the heat and pass hydrogen sulphide 
throi^ the hot solution for ten to fifteen minutes, then heat again 
and once more pass in hydrogen sulphide until aU the arsenic is 
predpitated and the supernatant liquid is dear. Filter, washing the 
predpitate six or seven times with hot water. Boil the filtrate to esq)el 
the hydrogen sulphide and reduce to a volume of about 150 cc. Filter 
and wash as before. Heat the filtrate to boiling and add 15 to 20 
cc. of hydrogen peroxide to effect oxidation. After boiling a short 
time, remove from the heat and afiow to-cool somewhat and then sep¬ 
arate the iron as basic acetate as follows: Make the solution just 

• Communicated by Mr. B. C. LamWe, chemist at the La Rose Mines, Ltd., Cobalt. 
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alkaline with ammonia and then reacidify slightly with hydrochloric 
acid. Add 15 grams of solid sodium acetate (cij'stalsj and boil. 
Filter off the iron precipitate, washing with hot water, and place the 
filtrate over the heat to concentrate. Dissolve the precipitate in hot 
dilute hydrochloric acid, dilute to about 150 cc. and repeat the pre- 
dpitation as just described. Unite the two filtrates, boil down to 
about 100 cc. and filter. Make the filtrate alkaline with ammonia 
and add about 20 cc. in excess. Electrolyze the hot solution (which 
should have a volume of 125 to 130 cc.), keeping it hot and highly 
ammoniacal during the electrolysis. (See 12.) A gauze cathode is 
preferred. When the operation is apparently finished (in 25 to 3^ 
hours), test for nickel and cobalt on a spot-plate with ammonium 
sulphide. Wash the cathode first with water, then w'ith alcohol, dry at 
about 100® C., and weigh. This gives the combined nickel and cobalt. 

Dissolve the deposit in a 250-cc. beaker in strong nitric add and 
wash off the cathode with hot water. Boil or evaporate the solution 
to a syrup. Add about 20 cc. of w'ater and then add a solution of 
potassium hydroxide until a predpitate of cobalt hydro.xide (blue) 
remains rmdissolved. Now addify with acetic acid and add a few- 
cubic centimeters in excess; then add about 25 grams of potassium 
nitrite and stir until dissolved. Boil gently for about twenty minutes, 
then dilute with water xmtil the beaker is about five-sixths full and 
allow to stand overnight. Decant and filter the cobalt predpitate 
and wash it a few times with ice-cold water, or water containing about 
S per cent of potassium nitrite and barely addified writh acetic acid. 
Dissolve the predpitate in hot dilute sulphuric acid and boil dowm the 
solution until the sulphuric acid is fuming. Cool, dilute with water, 
heat to boiling and filter. Make the filtrate alkaline with ammonia, 
having about 20 cc. in excess, dilute to about 125 cc. and dectrolyze 
as described above. This gives the cobalt, and the nickel is deter¬ 
mined by the difference between this wdght and that of the combined 
nickd and cobalt. 

Note .—would recommend an 8-oz. flask instead of a beaker for 
the decomposition, and 7 cc. of sulphuric add instead of 15 cc. Any 
globules of separated sulphur may be completely volatilized by allow¬ 
ing the sulphmic add to boil very gently for some time after coming 
to fumes. In case an ore contains mudi arsenic or antimony, it 
would seem to be an advantage to employ the method of decom¬ 
position described in Antimony 2. (A. H. L.) 
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!• Gravimetric Method for Iron Ores.*—Take 1.63 grains of the 
finely ground ore. Dissolve by boiling gently for twenty minutes 
with 40 cc. of strong hydrochloric acid (i 20 sp. gr.) in a covered 
S-oz. beaker. Dilute with 20 cc. of water, and filter, washing with 
water. Receive the filtrate in an 8-oz. beaker. Evaporate the 
filtrate to dr^mess on a sand-bath or hot plate. While the 
filtrate is evaporating ignite the filter and insoluble residue 
in a platinum crucible. After the paper is burned off, break up any 
lumps with a platinum rod and then ignite again at a red heat for 
about two minutes. Cool, and transfer the ignited residue to the 
beaker in which the filtrate is evaporating. Any phosphorus that 
may have remained with the insoluble residue is thus rendered soluble 
by the ignition and recovered.! After evaporation, add to the residue 
in the beaker 25 cc. of strong nitric acid (sp. gr. 1.42), cover the beaker 
and boil to about 12 cc. Now dilute with 12 cc. of water and filter, 
washing with water. Receive the filtrate in an 8-oz. flask. The 
total bulk should not exceed 50 cc. Heat to 4o°-4S® C., add 60 cc. of 
molybdate solution,! pre\dously filtered and heated to 4o®-4S® C., 
stopper the flask and shake for five minutes. Allow to stand in a warm 
place for fifteen minutes and then filter through a Gooch crucible that 
has been pre\dously dried at 110° C,, and weighed. Wash with a 
2 per cent nitric acid solution till free from iron, and then twice with 
95 per cent alcohol. Dry twenty minutes at 110® C. and weigh. The 
dried residue contains 1.63 per cent of phosphorus; therefore each 
milligram foimd corresponds to o.ooi per cent of phosphorus in the ore. 

2. Error Caused when Titanium is Present.—^Blair § notes the 
fact that if a solution of ferric chloride containing titanic and phos- 

* Mainly the method of John S. Unger, Trans, Engineers Soc. of Western Penn., 1896. 

+ Mixer and Dubois. Jour. Am. Chem. Soc., XIX, p. 6 ij. 

I See below. 7. 

s Chem. Anal, of lion, 3d Ed., p. 86. 
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phoric acids is evaporated to drjTiess, a compound of Ti02, P2O0, 
and FeaOa is formed, which is completely insoluble in hydrochloric 
acid (and presumably in nitric acid also). WTien titanium is present 
in the material analyzed and such a residue is obtained on filtering 
the nitric acid solution after evaporation to dr}’ness, it may be treated 
as follows: 

3. Dry the residue and bum off the filter paper by ignition in a 
platinum crucible. Moisten the cool residue with a few drops of 
strong sulphuric acid and add sufficient hydrofluoric acid to dissolve 
the silica. Evaporate cautiously and heat until all the sulphuric acid 
is driven off. Cool, add 2 or 3 grams of sodium carbonate and fuse the 
mixture. Dissolve the melt in hot water, filter and wash. Receive 
the filtrate in a 6-oz. flask and acidify with nitric acid. The total bulk 
should not exceed 50 cc. Heat to 4o°-45° C., add 25 cc. of molybdate 
solution, pre\iously filtered and heated to the same temperature, and 
finish as described above for the main solution. The same filter, if 
desired, may be used for both filtrations of the yellow precipitate. 

4. The presence of a large amount of titanium in an ore may be 
recognized by the peculiar milky appearance of the solution w hen it is 
diluted, before the insoluble matter is filtered off, and by the ten¬ 
dency of the latter to run through the filter when washed with water. 
In cases of uncertainty it is best to assume that titanium is present 
and proceed with the residue as described above. If the residue left 
after filtering the aqueous solution of the melt of 3 be dissolved in 
dilute hydrochloric acid, the solution placed in a test-tube and metallic 
zinc added, the liquid will first become colorless, from the reduction of 
the ferric iron, then, if titanium be present, pink or purple and finally 
blue, from the formation of Ti203. 

5. Method for Steel.—^Dissolve 1.63 grams of the steel, in a 6-oz. 
Erlenmeyer flask, in 30 cc. of nitric acid of about 1.20 sp. gr. Evap¬ 
orate by boiling over a naked flame to 15 cc., add to the boiling solu¬ 
tion 20 cc. of chromic acid solution (see 8 below) and again evaporate 
to 18 cc. Remove from the heat and wash down the sides of the flask 
with 5~7 cc. of water, and cool to 40^-45® C. Proceed from this point 
as directed above for ores (i). As in the case of ores, each milligram 
of yeUow precipitate found corresponds to 0.001 per cent of phosphorus 
in the steel. 

6. Method for Pig Iron.—^Dissolve 1.63 grams, in a 4i-inch covered 
evaporating-dish, in 40 cc. of strong nitric acid (sp. gr. 1.42). When 
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action has ceased, remove the cover and evaporate to dryness on a 
sand-bath. Place the dish and dry residue over a burner and heat 
cautiously with the naked flame until the mass ceases to evolve red 
fumes. Allow to cool, add 25 cc. of strong hydrochloric acid (sp. gr. 
1.20), cover with a watch-glass and boil to 10 cc. Add cautiously 
25 cc. of strong nitric acid (sp. gr. 1.42) and boil to 12 cc. Remove 
from the heat, rinse off the watch-glass and wash down the sides of the 
dish, using about 12 cc. of water, and then filter through an ii-cm. 
filter into an 8-oz. flask, washing with water. The solution should 
not exceed 50 cc. in bulk. Heat to 4o°-45° C. and finish as described 
above for ores (i). Each milligram of yellow precipitate found corre¬ 
sponds to 0,001 per cent of phosphorus in the pig iron. 

7, Molybdic Add Solution.*—^Mix 100 grams of molybdic add 
to a paste, with 265 cc. of water. Add 155 cc. of strong ammom’a 
water (sp. gr. 0.90) and stir tmtil aU is dissolved. To this solution 
add 66 cc. of strong nitric add (sp. gr. 1.42), stir well and then set 
aside for an hour. In another vessel make a mixture of 395 cc. of 
strong nitric add and 1100 cc. of water. Finally, pour the first solu¬ 
tion into the second, stirring constantly. Allow to stand for twenty- 
four hours before using. 

8. Chromic Acid Solution.—^Dissolve 30 grams of pure chromic 
add in 2 liters of strong nitric add (sp. gr. 1.42), wanning gently. 
This solution must be made up fresh at least every two weeks. 

9, Volumetric Method for Iron Ores, Steel, etc.—Start with 2 
grams of material and, according to its nature, proceed by one of the 
above-described methods until the yellow predpitate is finally obtained 
on the filter, which need not be weighed. Wash with a solution of 
add ammonium sulphate, prepared by adding 15 cc. of strong ammo¬ 
nia (sp. gr. 0.90) and 25 cc. of strong sulphuric add (sp. gr. 1.84) to 
I liter of water. Wash until 2 or 3 cc. of the wash-water give no brown 
reaction for molybdenum when tested with a drop of ammonium 
sulphide. Place the fladc in which the predpitation was made rmder 
the funnel, and dissolve the ammonium phosphomolybdate on the 
filter by pouring over it a warm mixture of 5 cc. of strong aiYimnnia. 
water and 20 cc. of water. Wa^ the filter well with water. 

10. Dilute the filtrate to about 100 cc. with cold water, and add 
10 cc. of strong sulphuric add. See that the temperature is 50-75® C., 
and the hot solution is ready for reduction, in accordance with the 

*Seei 3 . 
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directions given in Molybdenum, 4, wMch are to be followed to the 
end. 

The Fe value of the permanganate solution multiplied by 0.01545 
will give the P value. 

This may be determined as follows: 

11. When molybdic add, MoaOe, is reduced to M02O3, the latter 
requires the same amount of oxygen for reoxidation as is required to 
oxidize 6FeO to the ferric state. Therefore, 3Fe fferrousi are equiva¬ 
lent to M0O3, or 167.52 parts by weight of Fe are equivalent to 144 
parts of M0O3. Accordingly, the Fe factor of the permanganate, 
multiplied by 0.8598, will give the M0O3 factor. Now, the formula 
of the ammonium phosphomolybdate is fNH4)3i2Mo03.P04. there¬ 
fore 1728 parts by weight of M0O3 correspond to 31.04 parts of P, 
or, I part of M0O3 =0.01797 part of P. Thus by multipl3Tng the 
Fe factor of the permangairate by 0.8598, and the product by 0.01797, 
the P factor is obtained, or, the Fe factor multiplied by 0.01545 gives 
the P factor. 

12. Note Regarding Molybdic Add.—^The substance sold as molyb¬ 
dic add frequently consists to a greater or less extent of alkali molyb¬ 
date. Such material may be used for phosphorus determinations with 
fairly good results if the percentage of molybdic acid is determined, 
and the amount of substance taken in making up the molj'bdate solu¬ 
tion regulated accordingly, so that the full quantity of molybdic acid 
shall be present. The determination may be made bj' weighing o.i 
gram, dissolving in a mixture of 70 cc. of water and 5 cc. of strong 
ammonia, adding 5 grams of loo-mesh zinc and 15 cc. of strong sul¬ 
phuric add, and finally titrating the reduced solution predsely as in a 
phosphorus determination (9). 

The iron factor of the permanganate multiplied bj’ 0.8598 will give 
the M0O3 factor (ii). • 

A yellow molybdate solution indicates the presence of silica, and a 
phosphorus determination made with such a solution is likely to come 
high, owing to ammonium silicomolybdate being draped down with 
the phosphomolybdate. If about 30 milligrams of microcosmic salt 
dissolved in a little water be added per liter of yellow molybdate solu¬ 
tion, the mixture agitated and thai allowed to settle twenly-fom: 
hours, the solution will become colorless and fit for use. 

13. Method for Limestone.—^Treat 20 grams in a large covered 
beaker with suffident stioog hydrochloric add to effect solutioiu Add 
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the acid cautiously, a little at a time, with agitation, to avoid frothing 
over the beaker. WTien enough acid has been added and effervescence 
has ceased, warm gently, if necessarj’, to dissolve any separated iron 
compounds. Solution being finally as complete as possible, dilute 
sufficiently with cold water and filter, washing filter and residue with 
cold water. To the filtrate add a few drops of ferric chloride solution 
'not necessarj', of course, if the solution already contains sufficient 
iron) and then ammonia until the solution is alkaline to litmus paper. 
If the precipitate, containing the phosphorus as ferric phosphate, is 
not decidedly reddish-brown in color,* acidulate again with hydro¬ 
chloric acid, add more ferric chloride solution and then ammonia once 
more to alkaline reaction. Now add acetic acid to decided acid reac¬ 
tion. Boil for a few minutes, filter, wash once with hot water and 
then dissolve in warm dilute hydrochloric add on the filter, receiving 
the solution in the beaker in which the predpitation was made. Re- 
ser\'e this solution for the present. 

14. The original insoluble residue may contain phosphorus. 
Ignite it in platinum until the carbon of the filter is all burned off, 
break up any lumps with a platinum rod and then ignite at a red heat 
for two or three minutes. Cool, moisten with water, add a little 
hydrochloric add and warm to dissolve the soluble matter. Dilute 
and filter through the last filter used above, receiving the filtrate in 
the beaker containing the reser\’ed solution. Dilute this solution and 
re-predpitate exactly as before with ammonia and acetic add. Dissolve 
this predpitate on the filter in warm dilute hydrochloric add, receiving 
the solution in a small beaker and washing the filter with hot water. 
Evaporate the solution in the beaker almost to dryness, to expel the 
excess of hydrochloric add, and then add to it a filtered solution of 5 
or 10 grams of dtric add (according to the size of the ferric predpitate) 
dissolved in 10-20 cc. of water. Next, add 5—10 cc. of magnesia mix¬ 
ture t and enough ammonia to make the liquid faintly alkaline. Stand 

* Ferric phosphate is white and the red color indicates the necessary excess of iron 
precipitated as ferric hydioade. 

t ilagnesia miilun .—Dissolve no grams of crystallized magnerium chloride (MgQs-|- 
6HsO) in water and hlter. Dissolve 280 grains of ammonium chloride in water, add a 
little bromine water, and a slight excess of ammonia, and filter. Add this solution to the 
srdution c& magnerium chloride, add enough ammonia to impart a decided odor, dilute to 
about 2 liters, riiake vigorously from time to time, allow to stand for several days, and 
filter into a small bottle as required for use. Ten cc. of tMs solurion will preci|ntate about 
o.ts gram of PgOi. Blair, Chem. Anal, of Hon. 
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the beaker in cold water until perfectly cold and then add to the solu¬ 
tion one-half its volume of strong ammonia and stir well. When the 
precipitate of NH4MgP04 has begun to form, stop stirring and allow 
the beaker to stand in cold water for lo or 15 minutes, then stir \'igor- 
ously several times at interv'als of a few minutes, and finally allow the 
mixture to stand over night. Filter on a small ashless filter and wash 
with a mixture of i part strong ammonia and 2 parts water, containing 
also 2.5 grams of ammonium nitrate in 100 cc. 

15. Dry the filter and precipitate, and ignite them in a weighed 
platinum crucible, first at a verj’ low temperature so as to carbonize 
the filter without decomposing the precipitate. Xow break up the 
residue with a platinum rod and then heat at a gradually increasing 
temperature to the full power of a Bunsen burner, and continue the 
ignition until the residue is perfectly white. Cool and weigh. Now 
fill the crucible half full of hot water, add 5-20 drops of strong hydro¬ 
chloric acid and heat until the precipitate has dissolved. Filter off 
on another small ashless filter any silica or ferric oxide that may remain, 
ignite and weigh. The difference between the two weights is the 
weight of the Mg2Pi07, which, multiplied by 0.2787. will give the 
weight of the phosphorus. 

16. Method for Phosphorus in Tungsten Ores.—Take i gram of 
the ore and fuse in a platinum dish with 5 grams of sodium carbon¬ 
ate and I gram of sodium or potassium nitrate. Disintegrate with 
hot water and filter, washing with hot water. If much silica is present, 
acidify the filtrate with hydrochloric acid, evaporate to drjme&s, take 
up in hydrochloric acid and water, in the usual way for silica, and 
filter, washing with dilute hydrochloric acid. If there is but little 
silica, its removal may be oinitted and the filtrate from the fusion 
simply made add with hydrochloric add. To the acid solution 
(which may contain a predpitate of WOs) add suffident ferric chloride 
solution to color the liquid a distinct yellow, avoiding a great excess. 
Now make strongly a lkaline ^th ammonia, boil and filter, washing 
weE with hot water. Dissolve the predpitate. after rinsing most of it 
back into the beaker, with hydrochloric add, pouring the solution 
through the same filter, and wash out every trace of iron with warm 
dilute hydrochloric add. DEute the filtrate somewhat with hot 
water and re-predpitate the iron with ammonia as before. FEter, 
washing the predpitate at least ten times with hot water. Dissolve 
the predpitate on the filter with a hot mixture of 10 cc. of strong nitric 



188 


PHOSPHORUS 


and and so cc. of water, washi n g out every trace of iron with hot, 
dilute nitric acid. Receive the filtrate in an 8-oz. flask. Boil to 
about 40 cc., or less, if the bulk is larger. Precipitate the phosphorus 
with molybdate solution in the usual way (i). Filter through a 
weighed Gooch crucible. Multiply the weight of the yellow precip¬ 
itate by 0.0163 to obtain the phosphorus. 



CHAPTER XXm 


POTASSIUM AND SODIUM 

I. Method of J. Lawrence Smith for Silicates.— Principle—TY lq 
substance is heated with a mixture of i part ammonium chloride and 
8 parts calcium carbonate. By this means the alkalies are obtained 
in the form of chlorides, while the remaining metals are for the most 
part left behind as oxides, and the silica is changed to calcium silicate, 
as represented by the following equation: 

2KAlSi308+6CaC03+2NH4Cl 

6CaSi03+6CO2 + AI2O3+2KCI+2NH3+H2O. 

The alkali chlorides together with the calcium chloride can be 
removed from the sintered mass by leaching with water, while the other 
constituents remain undissolved. 

Preparation .—^The ammonium chloride necessar}' for the deter¬ 
mination is prepared by subliming the commercial salt; the calcium 
carbonate, by dissolving the purest calcite obtainable in hydrochloric 
acid and precipitating with ammonia and ammonium carbonate. 
This last operation is performed in a large porcelain dish. After the 
precipitate has settled, the dear solution is poured off and the precip¬ 
itate is washed by decantation until free from chlorides. The product 
thus obtained contains traces of alkalies, but the amount present is 
determined once for all by a blank test, and a corresponding deduction 
made from the results of the analysis; it is usually sodium chloride and 
amounts to 0.0012-0.0016 gram for 8 grams calcium carbonate. The 
decomposition was performed by Smith in a finger-shaped crudblc 
about 8 cm. long, with a diameter of about 2 cm. at the top and i| cm. 
at the bottom. Such a crucible is suitable for the decomposition of 
about 0.5 gram of the mineral. A larger quantity can be analyzed 
in an ordinary platinum crucible. 

Filling the CrtcdUe .—^Mix 0.5 gram of the finely ground mineral 
with 0.5 gram of sublimed ammonium chloride, by tiitriration in an 
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agate mortar; then add 3 grams of calcium carbonate and mix inti¬ 
mately with the rest. Transfer to a platinum crucible with the help 
of glazed paper. Rinse the mortar with i gram of calcium carbonate 
and add the rinsings. 

The Ignition .—K a Smith crucible is used it is placed in a sli^tly 
inclined position for heating. This is best done by inserting the covered 
crucible through a hole in the side of a fire-clay cylinder, such as a large 
crucible with the bottom cut away. The top of the platinum crucible 
projects from the side and is thus protected from the flame. Heat grad¬ 
ually over a small flame until no more ammonia is evolved.* This should 
take about fifteen minutes. Now' increase the heat until fina lly the 
lower three-fourths (and no more) of the crucible is brought to a dull 
red. ilaintain this temperature for fifty or sixty minutes. After cool¬ 
ing, the sintered cake can usually be removed by gently tapping the 
inverted crucible. Should this not be the case, add a little water and 
warm gently for a few minutes to soften the cake; then wash it into a 
large porcelain, or, better, platimun dish. Add 50-75 cc. of hot water 
and heat the covered dish for half an hour, replacing the water lost by 
evaporation. Reduce the large particles to fine powder by rubbing 
with a pestle in the dish. Finally, decant the clear solution through a 
filter, wash the residue four times with hot w'ater by decantation; then 
transfer to the filter and wash with hot water xmtil a few cubic centi¬ 
meters of the washings give only a slight turbidity with silver nitrate. 
To make sure that the decomposition of the mineral has been complete, 
treat the residue with a little hydrochloric add. It should dissolve 
completely. 

Instead of the Smith design, an ordinary large platinum crudble 
may be employed for the ignition. Place the crudble in a hole cut in a 
sheet of asbestos. The hole should be of such a size that not more than 
two-thirds of the crudble will be exposed below. Conduct the heating 
and other operations in accordance with the description given above. 

In the case of either crucible, actual fusion of the mass should not 
occur. The CaCb formed by the reaction between the NH4CI and 
the CaCOa attains a state of fusion and is absorbed by the large excess 
of CaCOa present. Actual fusion of the silicate would render subse- 

* During this part of the t^ieiaffon the heat should be k^t so low that anunonium 
chloride does not escape. 'Ike latter is cksso^ted into ammonia and hydrochloric acid 
by the heat, and the acid unites with the calcium carbonate to form caldum chloride.— 
CTteadwdl’s Analytical Chonistty [Efall], V<d. IL) 



METHOD OF J LAWHENCE SMITH 


191 


quent disintegration of the mass impossible. MTien fusion of the magg 
occurs, in spite of the low temperature maintained, it may be due 
to the fusible nature of certain silicates, notably those containing much 
ferrous iron. In such a case it is better to begin anew and increase 
the proportion of CaCOs to 8-io parts. 

Precipitation of the Calcium.—Txt&t the aqueous solution with 
ammonia and ammonium carbonate, heat and iilter. The precipitate 
retains small amounts of alkali. Dissolve it in hydrochloric acid and 
repeat the precipitation with ammonia and ammonium carbonate. 
Combine the filtrates and evaporate to diyness in a porcelain or plat¬ 
inum dish. While the major portion is evaporating, transfer it in 
portions to a smaller dish, where the evaporation is continued, finall y 
rinsing all into the small dish. When the final dr>* residue is obtained 
in the small dish, cover the dish and heat it for a while in a drj-ing- 
oven at iio° C. This lessens the danger of subsequent loss by decrep¬ 
itation. Now expel the ammonium salts by careful ignition over a 
moving flame. Allow to cool, dissolve the residue in a little water, 
heat and add a little ammonia and ammonium o.xalate to remove the 
last traces of calcium. After it has stood for twelve hours, filter off 
the calcium oxalate, receiving the filtrate in a weighed platinum dkh. 
Evaporate it to diymess, cover it, and heat it. still covered, in an oven 
at I io° C.; then ignite gently to expel ammoniiun salts Cool, moisten 
with hydrochloric acid to convert any carbonate into chloride, and 
then repeat the evaporation and ignition with the same precautions 
as before. Determine the weight of the contents of the dish, which 
represents the amount of alkali chloride present. To dete rmin e potas¬ 
sium, dissolve the residue in a little water and precipitate as po tassium 
platinic chloride, as described in 7, 8. The sodium is dete rmin ed by 
difference. 

2. Variation from above Procedure.*—In the official method of the 
Assoc. Official Agr. Chemists, the procedure, after the filtrate from the 
disintegrated sintered mass has been obtained, is as follows: 

Precipitate the calcium with ammonia and ammonium carbonate, 
allow to settle and then concentrate the supernatant solution, decant¬ 
ing in portions if necessary, m a small porcelain or platinum dish, 
finally rinsing in the precipitate. When the whole is thus reduced in 
the small dish to about 30 cc., add a little more ammonia and ammo¬ 
nium carbonate. Evaporate to dryness on a water-bath, expel the 
* Enm Gnffin’s “Methods of Technical Analysis.” 
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anunomum chloride by gentle ignition, and dissolve the residual alkali 
chlorides in 3-5 cc. of water. 

A little black or dark brown flocculent matter usually remains 
undissolved, and the solution may still contain traces of calcium. 
Add 2 or 3 drops of ammonia and ammonium carbonate, warm gently 
and filter through a verj’ small filter into an unweighed but weighable 
platinum dish. Evaporate to drjTiess on a water-bath, heat at dull 
red to incipient fusion of the alkali chlorides, and after cooling, weigh. 
Dissolve the mixed chlorides in a little water and filter through a 
small filter into a porcelain dish. Ignite the filter in the platinum dish 
previously used, and weigh. Subtract this weight from the first 
weight to obtain the weight of the NaCl-l-KCl. 

Determine the K2O in the fiiltrate in the porcelain dish by precip¬ 
itating with platinum chloride (7, 8), adding sufficient platinum 
chloride to combine with the total weight of alkali chlorides calculated 
as NaCl, i.e., an amount of metallic platinum 1.67 times the weight 
of alkali chlorides found. 

3. Hydrofluoric Acid Method.—^Treat i gram of the finely pow¬ 
dered silicate in a platinum dish with pure strong hydrochloric and 
hydrofluoric acids until decomposition is complete. It is best to add 
the hydrochloric add first, to prevent spattering, and then to add about 
an equal amount of hydrofluoric add and warm gently. Finally, 
evaporate to dryness on the water-bath, then add a little dilute hydro¬ 
chloric add and evaporate again to dryness. 

4. Dissolve the residue in hot water, add 5 cc. of a saturated 
solution of barium hydroxide, and heat to boiling. Allow to settle 
a short time and then test the dear liquid with a little more barium 
hydroxide solution, to be certain that enough has been added. When 
the predpitation is complete, filter and wash well with hot water. 
Heat the filtrate to boiling and add a little ammonia and ammonium 
carbonate to complete the precipitation of caldum, barium, etc., and, 
after allowing to stand a short time on the water-bath, filter and wash 
the predpitate thoroughly with hot water. 

5. Evaporate the filtrate to dryness in platinum or porcelain and 
then expel the ammonium salts by a heat just below redness. Take 
up the cool residue in a little hot water, add a few drops of ammonia, a 
drop or two of strong ammonium carbonate solution and a few drops 
of ammonium oxalate solution. After allowing to stand a short time 
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on the water-bath, set aside for a few hours and then filter, washing 
with hot water. 

6. Evaporate the filtrate to dryness on the water-bath and heat the 
residue to dull redness until all ammonium salts are expelled and it has 
become nearly or quite white. Cool, dissolve in a ver)' small amount of 
water and filter into a weighed platinum dish. Add a few drops of 
hydrochloric acid and evaporate to drjmess on the water-bath. Heat 
the residue to dull redness, cool in a desiccator and weigh as mixed 
potassium and sodium chlorides. Repeat the heating until a constant 
weight is obtained. Dissolve the chlorides in a small amount of water. 
If a residue remains undissolved, the separation must be repeated until 
the chlorides finally obtained are entirely soluble. 

Proceed with the solution of the chlorides as described in 7 or 10. 

SEPARATION OF POTASSIUIM AND SODIUM 

7. Direct Method.—It is assumed that the two metals are in 
aqueous solution as chlorides in a platinum or porcelain evaporating 
dish, the weight of the mixed chlorides being knowm. Add a slight 
excess of hydrochlorplatinic acid (H2PtCl6) and evaporate to drjmess 
at a low temperature on a water-bath in which the water is not boiling. 
The drjdng is to dehydrate the sodium platinic chloride and render it 
more soluble in alcohol. It is a good plan to have the platinum solu¬ 
tion contain 10 per cent of platinum, i.e., i gram in every 10 cc., and, 
in order to use the right quantity and avoid unnecessarj’ excess, make 
the following calculation: 

Assume that the mixed chlorides consist entirely of NaCl. Call 
their weight a. Then from the formula NaoPtCle+dHaO we find 
that 46 parts of Na require 195.2 parts of Pt. 46 parts of Xa corre¬ 
spond to 116.92 parts of NaCl; therefore we have the proportion 

116.92 :195.2 =a : Pt required 

Solving this and multiplying the result by 10, we arrive at the num¬ 
ber of cubic centimeters of platinum solution required. Always add 
0.3--0.4 cc. in excess. 

It is necessary to convert all the sodium, as well as the potassium, 
to the platinum compound, as otherwise the undecomposed sodium 
chloride, being insoluble in absolute alcohol, would contaminate the 
potassium platinic chloride; the calculation is therefore made as above. 

8. After the evaporation, add to the cool residue a few cubic centi- 
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meters of absolute alcohol fmethyl alcohol is the best) and thor¬ 
oughly disintegrate the solid mass with a stirring-rod or platinum 
spatula. Decant the clear liquid through a filter moistened with 
alcohol, and then repeat the stirring with fresh portions of alcohol, 
until a perfectly colorless filtrate is obtained and the remaining salt 
in the dish is pure golden-yellow with no intermixed orange-colored 
particles of XaaPtCls. The latter compound is soluble in the alcohol 
while the corresponding potassium salt is not. Transfer the washed 
residue to the filter, allow to drain completely and then dry in an air- 
bath at So'-qo® C. When dry, carefully transfer as much of the pre¬ 
cipitate as possible to a watch-glass. Replace the filter in the funnel 
and dissolve the adhering precipitate (and also any in the original dish) 
by washing with a little hot water, receiving the filtrate in a weighed 
platinum dish or crucible. Evaporate the solution to dr3mess at a low 
temperature on the water-bath and then add the precipitate on the 
watch-glass. Dr>' the -whole at 160° C. and weigh as KaPtCle. 
Multiply this weight by 0.30561 to obtain that of the KCl. Although 
this factor is correct according to the less recent values of the atomic 
weights, the factor 0.30673 is the correct one according to the latest 
v’alues. This figure, ho-wever, does not actually give results so near 
to the truth as the older factor. This is due to the fact that our 
assumption as to the formula KsPtCle is not quite correct. Changes 
are produced by the evaporation which are compensated for by the 
use of the old factor. 

Haxing determined the weight of the KCl in the mixed chlorides, 
the difference from the total weight is the NaCl. 

Multiply the weight of the KCl by 0.632 to obtain the weight of 
the K2O. 

Multiply the weight of the NaCl by 0.5303 to obtain the weight 
of the Na20. 

9. Indirect Method.—^This method is accurate only when both 
bases are present in considerable amount. 

The metals must first be obtained as chlorides by one of the pre¬ 
ceding methods, and the combined weight noted. Now determine 
the percentage of chlorine in the mixture (see XI, i) and then applj/ 
the following rule: 

Subtract 47.54 from the percentage of chlorine in the mixtvure. 
Divide the remainder by 0.1312. The result is the per cent of sodium 
chloride in the mixture. 
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The rule is determined as follows: Pure XaCl contains 60.66 
per cent of Cl. Pure KCl contains 47.54 per cent of Cl. The dif¬ 
ference between the two percentages is 13.12. This 13.12 per cent 
excess represents, then, 100 per cent of NaCl; therefore everj' 
0.1312 per cent above 47.54 represents r per cent of NaCl; hence the 
above rule. 

10. Separation of Potassium and Sodium by the Perchlorate 
Method.—It is assumed that the tw'o metals exist as chlorides in a 
platinum or porcelain dish, the weight of the mked chlorides being 
known. Add just enough water to dissolve the salts, then 5 cc., or 
more, of 20 per cent perchloric acid and evaporate to drj-ness on a hot¬ 
plate and imtil all fumes of perchloric acid have disappeared. If the 
heav>' fumes fail to appear, cool, again take up in a little water, add 
5 cc. more of perchloric acid and repeat the evaporation. Two evap¬ 
orations, each showing the heavj’ fumes, are necessan,-, the fumes being 
entirely e.xpelled each time. Finally, allow to become completely- 
cool and then continue as described in 13, 14. Multiply the K2O 
found by 1.582 to obtain the KCl. Subtract this from the weight 
of the mixed chlorides to obtain the weight of the NaCl. Midtiply 
this by 0.5303 to obtain the Na20.' 


' The potassium in KsO is sufficient to fonn 2KCI, or, K ,0 = 2KCI Molecular 
weight of K3O =94 2 Molecular weight of KCl = 74 56 2KCI = 140 12. Then, 
942 K20 = i4g2 KCl, or, i KjO = i 582 KCl Similarly. 2NaCl=NajO or, 
116.92 NaCl = 62 NasO. This gives i NaCl=0.5303 Na, 0 . 


11. Short Perchlorate Method for Soluble Potash.—In the case of 
water, weigh 50 grams, more or less, according to supposed richness, 
and evaporate to dryness in a small weighed porcelain or platinum dish. 
Heat the residue for some time at about 150° C., cool, and weigh. 
This gives the per cent of salts in the water. If the weight is small, 
0.5 gram or less, aU may be used and dissolved right in the dish. If 
considerably more than 0.5 gram, grind to powder in the dish with an 
agate pestle, and weigh out 0.5 gram for the analysis. Continue as 
described below. 

12. In the case of salts, such as mixtures of sulphates, chlorides 
and carbonates, have the material finely ground and well mixed. 
Using a weighing-bottle, wdgh something more than 0.5 gram into it. 
Dry this at 150° C. This gives the moisture and the wei^t of dry 
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substance. Wash the material into a small beaker, add a drop of 
methyl orange, cover the beaker and make just acid with hydrochloric 
acid. If filtration appears advisable, boil a moment if CO2 has been 
shown, and then filter through a small filter into a beaker. Wash six 
times with hot water. Dilute the filtrate, or boil it down, as may be 
necessary', to 50 cc., and add an excess of 3/20 cc. of strong hydrochloric 
acid. Heat to boiling and add 10 per cent barium chloride solution in 
slight excess. Take time to do this carefully, as a large excess of 
barium chloride is troublesome in subsequently converting to per¬ 
chlorate. The hot liquid may be filtered immediately into a shallow 
evaporating-dish, washing with hot water. Any small amount of 
barium sulphate that has failed to separate will do no harm. Add 
5 cc. of 20 per cent perchloric acid and evaporate to dryness on a hot¬ 
plate and imtil fumes of perchloric acid have ceased. Cool sufficiently, 
wash down the sides of the dish with just enough hot water to dissolve 
the salts, add i or 2 cc. more of perchloric acid and again evaporate as 
before. If no fumes of perchloric add appeared on the first evapora¬ 
tion, add s cc. for the second evaporation and again repeat with i 
or 2 cc. 

13. Allow to become completely cold, then add 25 cc. of a saturated 
solution of potassium perchlorate in 95 per cent grain alcohol (or 
denatured alcohol). Cover the dish and allow a little time for the 
soluble perchlorates to dissolve. The final salts consist of the per- 
dilorates of the bases present, of which only potassium perchlorate is 
insoluble in the alcohol, mixed perhaps with barium sulphate and small 
amounts of organic and other insoluble matter. 

14. Prepare a Gooch crudble with a thick asbestos mat and have 
it dry. Thoroughly loosen up the salts in the dish with a rubber- 
tipped glass rod, rubbing the partides so as to leave only a powdery 
residue, free from lumps. Rub a little grease on the lower side of the 
lip of the dish, as the alcohol has a tendency to nm down the outside, 
and filter through the Gooch (not yet wdghed). Using the alcoholic 
perchlorate solution in a small wash-bottle, transfer all the residue 
from the dish to the filter, allow all the liquid to run through, and then 
wadi six times with the alcoholic perchlorate solution, allowing to 
dram completely each time. Finally, drain thoroughly and then dry 
in an oven at i3o“-i5o® C., cool and wdgh. Now wash the residue 
in the Gooch six times with hot water, which will dissolve the potas¬ 
sium perchlorate, then twice with alcohol, and once with a very little 
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of the alcoholic perchlorate solution. Drain completely, dn', cool and 
weigh as before. The loss in weight represents the potassium per¬ 
chlorate. Multiply this by 0.3399 to obtain by KoO.^ 

The alcoholic perchlorate solution is made by simply shaking up 
an excess of potassium perchlorate with the alcohol, allowing to stand 
some time, best overnight, and always shaking the mixture and filter¬ 
ing or decanting a portion before use, so as to have the solution 
saturated at the laboratory temperature when used. 


1 2KCIO4 = K2O. Molecular weight of KCIO1 = 138.56. 2KCIO4 = 277,12 
Molecular weight of K2O =94 2 Then, 277 12 KC 104=94 2 K.O, or, i KCIO^* 
0.3399 K2O. 





CHAPTER XXIV 
SILICA 

In the valuation of ores, it is often customary to designate as 
silica " the insoluble residue remaining after certain conventional 
treatments with acids. Precautions are taken to remove lead com¬ 
pounds and sometimes other ejfforts at purification are made, so that 
the final insoluble residue, or so-called silica,” shall consist mainly 
either of fairly pure silica or a mixture of silica and undecomposed 
silicates. 

!• Insoluble Residue or Silica ” in Ores, etc.*—^Weigh 0.5 gram 
of the ore into a 250 cc. PjTex beaker. The choice of acids for the 
decomposition will depend upon the apparent nature of the ore. 
Oxidized ores, especially when they contain much iron or manganese, 
shoxdd first be treated with hydrochloric acid alone, say 10 or 15 cc , 
and the mixture warmed very gently until decomposition and solution 
are as complete as possible. Actual boiling should be avoided, as 
the acid is thereby weakened and rendered less effective. If sulphides 
finally remain undissolved, add a few cubic centimeters of strong 
nitric acid and heat the mixture again. 

If the ore is largely a sulphide it may frequently be attacked at 
once with 10 cc. of strong nitric acid, and the mixture warmed gently 
until the first ^lent action has somewhat subsided. Then add 5 cc. 
of strong hydrochloric add and continue the warming to complete the 
decomposition if necessary". 

In the case of very hea\y sulphides, where the separated sulphur, 
after treatment wnth nitric add, appears to be stiU impure, it may be 
addsable to add small portions of potassium chlorate from time to 
time, together with more nitric acid if necessarj^, and continue the 
heating until the sulphur is either entirely oxidized or sufficiently 
purified. Then add 5 cc. of strong hydrochloric add, very cautiously, 


* See 21 m 
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to avoid too violent action with the undeconiposed chlorate, and again 
heat gently. 

2. WTien a sufficiently complete decomposition has been obtained 
by any of the above methods, or modifications of them suggested 
by the nature of the ore in hand, the solution is to be evaporated to 
complete drjTiess. This may be done by gentle heating on a hot plate 
or water-bath. 

When the mixture has become dry, continue the heating for five or 
ten minutes, or more, at a temperature of about 150° C., in order to 
dehydrate any gelatinous silicic acid present. Finally, after cooling 
somewhat, add 10 cc. of strong hydrochloric acid and warm until 
solution is as complete as possible. Now add 40 cc. of water and 
about 5 grams of ammonium chloride. The latter is to hold lead 
salts in solution and may of course be omitted when no lead is present. 
Heat to boiling and see that everj’thing soluble is properly dissolved. 
Filter through a 9-cm. filter and wash well with hot water. It is best 
either to have the water slightly acidulated with hydrochloric acid, 
or to wash at least once or twice with acidulated water, to remove 
from the filter any insoluble iron compoimd due to the hydrolysis of 
ferric chloride. Any residue adhering in the beaker should be dis¬ 
lodged with a rubber-tipped glass rod and rinsed into the filter. Ignite 
and weigh. 

3. It is usually sufficient to place the filter and contents, with¬ 
out drjnng, in a small clay “ annealing-cup ” or a porcelain crucible 
and ignite in a muffle or over a Bunsen burner. When cold, shake and 
brush the ignited residue upon the scale-pan and weigh. The weight 
of the filter-ash may ordinarily be neglected. As 0.5 gram of ore 
was taken, the weight in centigrams multiplied by 2 will give the per¬ 
centage of “ silica.” 

4. When the methods above described fail to effect a fairly com¬ 
plete decomposition of the ore, sulphuric add may be tried in addi¬ 
tion. Proceed in the usual way with hydrochloric and nitric adds 
until decomposition is about as complete as possible, and then add 
5 cc. of strong sulphuric add and heat (preferably over a free flame) 
until the white fumes are coming off copiously. It is best to continue 
the heating until most of the sulphuric add is expelled. Cool, dilute 
with about 40 cc. of water, add $ cc. of strong hydrochloric add and 
5 grams of ammonium chloride, and boil to effect solution of every¬ 
thing soluble. Finally, filter, wash, ignite, and weigh as described above. 
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If an ore contains siKcates that are gradually but appreciably 
decomposed by acids, it is ex-ident that the amoimt of insoluble residue 
obtained will depend largely upon the length of time employed in the 
treatment. This trouble, which is inherent in the method, does not 
often occur to a verj' appreciable extent, and the results obtained by 
different operators ordinarily agree fairly well. 

5. Barium in the Insoluble Residue.—If an ore contains barium 
sulphate the latter will, of course, be found with the insoluble residue. 
Any soluble barium mineral in the presence of sulphates or sulphides 
will also be either wholly or partly changed to sulphate, which will 
r emain behind. WTien the insoluble residue is thus conta mi nated 
with barium sulphate, it is customary to determine the same and 
deduct it. This may be done as follows: 

Fuse the mixed residue, after weighing, with about 3 grams of 
sodium carbonate, or mixed sodium and potassium carbonates, in a 
platimiTn dish or crudble. Prolonged fusion is not necessary, as 
the object is simply to convert the barium sulphate to carbonate. 
After cooling, heat the fused mass with water until disintegration 
is complete, and then filter through a p-cm. filter and wash thoroughly 
to remove sulphates. The barium is left on the filter as carbonate, 
probably more or less impure. A little barium carbonate may also 
remain adhering to the platinum dish. Dissolve the latter in 5 cc. of 
strong hydrochloric acid diluted with about 10 cc. of water, and, if 
the amount of carbonate on the filter is small, dissolve it by pouring 
the add mixture (preferably warmed) over it from the dish, receiving 
the filtrate m a large beater. If the quantity of carbonate is large, 
rinse it from the filter to a small beaker and dissolve it by adding the 
add in the dish, keeping the beater covered with a watch-glass to 
prevent loss by spattering. Warm the solution and pour it through 
the filter to dissolve any carbonate remaining thereon. Wash the 
filter weE with hot water. Dilute the filtrate to about 300 cc. with hot 
water, heat to boiling and precipitate the barium as sulphate, in the 
usual way (consult Baeicfm, 1), with dilute sulphuric add. After 
it has stood until cold, filter off the barium sulphate, wash with hot 
water, ignite, and weigh. The weight foimd, deducted from that of 
the origmal mixture, will leave the weight of the insoluble residue 
required. 

6. Treatmoit of Ores and Slags that Gelatinize with Acids.— 
Some ores and furnace products are more or less completely decom- 
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posed by adds with the formation of gelatinous silica. Slag that has 
been suddenly chilled by dipping an iron bar into the molten mass and 
then plunging it with the adhering slag into cold water, may usually 
be entirely decomposed by adds. Roasted ores generally give gelat¬ 
inous silica. If such substances are treated in the usual way, the 
gelatinous silica is liable to form a cake which adheres to the bottom 
of the beaker and greatly hinders decomposition by surroimding par¬ 
ticles of the ore with a more or less impendous coating. Material of 
this class may be treated as follows: 

Moisten the 0.5 gram of substance in the beaker fa 4-inch porcelain 
casserole or dish is better) with 2 or 3 cc. of water, and then add grad¬ 
ually about 10 cc. of strong hydrochloric add, stirring or shaking the 
mixture at the same time to prevent coagulation. Cover the dish with 
a watch-glass and heat very gently with frequent stirring, until 
decomposition is as complete as possible, adding a little nitric add 
if imdecomposed sulphides still remain. Finallj’, remove and rinse 
off the cover, evaporate to diyness and finish in the usual way .2). 

In the case of chilled slag, the silica thus obtained is fairly pure. 
When there is much gelatinous silica, especial pains should be taken 
in the heating after evaporation so as to dehydrate it as thoroughly 
as possible. In technical work it usually suffices to heat the dry 
residue for half an hour or an hour, at a temperature of about 150° C. 
(cf. 10). 

7. “ True Silica ” or “ Silica by Fusion.”* (Also see 20).—^These 
terms, in technical work, refer simply to the silica obtained by 
technical methods when the decomposition of the substance includes 
a fusion with alkali carbonate. The result is ordinarily much more 
accurate as regards actual silica than that obtained by the usual add 
treatment, but it is not customar}’’ to follow aU the requirements of 
exact analysis. In the case of ores containing considerable matter 
soluble in adds, or constituents undesirable in the fusion, such as 
sulphides and compounds of reducible metals, it is usually best to 
give a preliminary treatment with adds and confine the fusion to 
the residue finally obtained, which may consist of mixed silica and un¬ 
decomposed matter. Such ore is decomposed and treated, according 
to its nature, predsely as described for Insoluble Residue (2) and 
the residue, containing the total silica of the substance, ignited in a 

* Insoluble silicates, sudi as days, etc., are usually decomposed by tbis method. Lx 
accurate analyses the procedure may be according to xg* 
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platinum dish or crucible to bum off the filter-paper. It need not be 
weighed. 

8. Mix the ignited “ insoluble residue,” or 0.5 gram of the finely- 
pulverized ore or silicate, if no preliminary treatment was given, in a 
platinum crucible or small platinum dish with about 5 grams of sodium 
carbonate, or a mixture of 3 parts of sodium carbonate and 2 parts of 
potassium carbonate, which fuses more easily. If the ore, not sub¬ 
jected to previous add treatment, contains, or is likely to contain, 
a small amoimt of sulphides, mix in a small pinch of potassium nitrate 
to insure their oxidation. Heat the mixture over a blast-lamp, very 
slowly at first, so as to espel moisture without mechanical loss of sub¬ 
stance. Raise the heat very gradually, so that much of the carbon 
dioxide may be driven off without causing any spattering, before the 
mass has actually fused to a liquid. Finally heat strongly to complete 
fusion of the mixture and continue the heating until bubbling has 
practically ceased and quiet fusion is attained. In some cases this 
takes from half an hour to an hour. If a crucible is used it is best to 
keep it covered to prevent loss from spattering; -with a dish there is 
less danger. Cool the crudble or dish and digest the fused mass 
■with hot water. As a crudble is too small to contain suffident water, 
it is best to place it in a 6-inch porcelain dish, first detaching the cake, 
if possible, as follows: The crudble having been chilled quickly by 
dipping the bottom in cold water, a minute crack -will usually develop 
betw-een the sides of the cake and the crudble. Allow a drop or two 
of water to fall into this crack and then cautiously heat the crucible 
over a lamp. Under these conditions the cake will usually detach 
itself -with a slight “ pop.” Place the crudble and cake in the evap¬ 
orating-dish and warm with water imtil disintegration is as complete 
as possible. Now remove and rinse off the crudble and cover. If 
the crucible is not perfectly dean inside, dissolve the adhering residue 
with a little hydrochloric add and add the solution to the mam portion 
in the dish, after the latter has been addified. If a platinum dish has 
been used instead of a crudble, warming in the dish -with one or two 
portions of water will usually suffice for disintegration and transfer to 
the porcelain cJish. The last traces of residue may be removed by the 
add used for addifying. 

9. Cover the e\’aporating dish and cautiously add hydrochloric 
add in excess. It is not a good plan to add the add before removing 
the platinum, since when manganese is present ckloriae may be 
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evolved and may attack the platinum if the latter is exposed for any 
length of time. Nitric acid can be used and the danger avoided, but it 
is not so desirable a solvent. 

Warm the mixture in the dish, and when the efferx'escence has 
sufficiently subsided remove and rinse off the cover and then support 
it on a glass triangle placed on the dish so as to allow a free circulation 
of air over the liquid. If the fusion has been successful and the decom¬ 
position is complete, practically everj’thing should dissolve in the acid 
liquid and no hard, gritty, or dark particles should remain in the bot¬ 
tom of the dish. 

10. The solution must now be evaporated to dryness. This may 
be done on a water-bath or as otherwise convenient."' except that care 
must be taken not to overheat at the end. When the mass is dr}’, 
remove the triangle and place it on top of the watch-glass and the latter 
directly on the dish. This is to prevent loss by any subsequent 
decrepitation. Heat now over a radiator or in an air-bath, at a tem¬ 
perature of about 150° C , for thirty minutes or more. The residue 
should finally appear perfectly dry and powdery under a glass rod. 
It is impossible to render the silica perfectly insoluble, so as to remove 
it pure at one operation, by any modification of the heating, but for 
ordinary technical results the above directions will suffice. Too 
high a temperature will cause a recombination of some of the silica 
with the bases present, and then, on the addition of acid, some of this 
silica wiU again be set free in a soluble form. 

11. To the dried mass add about 20 cc. of strong hydrochloric 
acid and allow to stand, covered, at the ordinaiy temperature or 
slightly warmed, for about ten minutes; then add about 100 cc. of hot 
water and heat to boihng, first remoAing and rinsing off the cover and 
triangle. After boiling a moment, allow the silica to settle and decant 
the clear liquid through a filter. It is best to wash the silica once or 
twice by decantation with hot water and then transfer it to the filter 
and finish the washing. If the upper edge of the filter appears brown, 
from the separation of a basic ferric compoimd, due to hydrolysis of 
ferric chloride, wash with warm dilute hydrochloric add until dean. 

Place the moist filter and contents in a weighed platinum crucible 
and ignite until perfectly white. Cool in a desiccator and wdg^ 

* With a water-bath the operation is sometimes very tedious. 1 usuahy support the 
di^ on a scoiifier placed in an iron sand-bath dish or radiator and have a low flame under 
the latter. 



204 


SILICA 


12. Testing the Weired Silica.—^When it is desired to test the 
purity of the silica obtained, it may be done as follows: Cover the 
gihVa in the platinum crucible or dish with 2 or 3 cc. of water to pre¬ 
vent violent action, and then add 2 or 3 drops of strong sulphuric 
acid and 3 to 5 cc. of pure hydrofluoric acid. Evaporate the mixture 
as far as possible on a water-bath, and then heat cautiously over a 
small free flame to complete drjmess. If there is a residue add a 
little more hydrofluoric add and again evaporate. Repeat this pro¬ 
cedure until no residue remains, or until there is no further diminution 
of the residue obtained. In the latter case, add a drop or two of 
strong sulphuric add, heat to drjTiess and ignite strongly over the 
blast-lamp, cool, and wdgh. Unless the amount of residue thus found 
is large, it will usually be suffident to deduct its weight from that of 
the impure silica to obtain the true sflica. 

Barium sulphate in an ore would naturally contaminate the 
silica. Its amount could be determined and deducted as just described, 
or the wdghed impure silica could be fused with alkali carbonate and 
the barium determined as sulphate, as described in 5.* 

13. Determination of Silica in Ores Containing Fluorine.— 
Substances containing fluorine will sustain a loss of silicon by vola¬ 
tilization as fluoride, if the solution from the carbonate fusion is sub¬ 
jected to the usual evaporation with add. The following methods 
are applicable in such cases. 

14. Seeman’s Method, f—^Fuse with alkali carbonate as directed in 
8. Extract the melt with hot water and filter from the insoluble 
residue. Any barium present will remain with the residue as car¬ 
bonate. Make the filtrate faintly add with hydrochloric add and 
then add an excess of a solution of mercury ammonium carbonate. 
Evaporate the mixture to dryness, add water to the residue and again 
evaporate to diymess. Take up the residue in hot water. It is 
easily filtered and washed and may be directly ignited and weighed to 
obtain the anhydrous silica. 

The mercurj’-ammonium carbonate may be prepared by adding to 
a quantity of mercuric oxide a suflident excess of a cold saturated 
solution of ammonium carbonate to form a dear solution. 

* A more common method at western smeiting-works is to filter the aqueous solution 
of the melt of the ori^nal funon before addifyiug. 'The barium is thus practically all 
remored as carbonate at this pcmt. 

t F. .Sewnan, Set. f, anaL Chem., LXIV, 343-387. 
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15. Method of Berzelius.—^Thoroughly extract the melt from the 
alkali carbonate fusion (8) with hot w'ater and filter from the insoluble 
residue. (Any barium will remain behind as carbonate.) To the 
filtrate add about 4 grams of solid ammonium carbonate, heat for 
some time at about 40“ C. and then allow to stand ovemigjit. Filter 
off the precipitate and wash with water containing ammonium car¬ 
bonate. Reserve the silica thus obtained. 

Some silica still remains in the filtrate. To recover this, add to 
the solution i or 2 cc. of ammoniacal zinc oxide solution (made bj' 
dissohing moist zinc oxide in ammonia water), boil until the ammonia 
is all expelled and then filter off the precipitate of zinc silicate and o.xide 
and wash with water. Spread out the filter on a watch-glass, and, 
with a jet from the wash-bottle, rinse as much of the precipitate as 
possible into an evaporating-dish. Pour a little dilute hydrochloric 
acid over the filter and any remaining residue, letting it run into the 
dish, then bum the filter and add the ash. Add a little more hvdro- 
chloric add to the contents of the dish, if necessarj' to decompose and 
predpitate, and then evaporate on the water-bath and separate the 
silica as usual (10). Filter off this silica and reser\'e it. 

The insoluble part of the melt may contain silica. Dissolve 
it in hydrochloric acid and separate the silica by evaporation as usual. 
(Any barium wiU pass into the filtrate as chloride.) 

Finally ignite and wdgh all three silica predpitates together. 

16. Decomposition of Silicates by the Lead Oxide Method of 
Jannasch.—This method is applicable in the case of pure silicates 
and admits of determination of the alkalies in the same portion. Pure 
lead oxide is reqiiired, but as the commercial article is not safe, it is 
best to iise the carbonate, which is converted into the oxide by ignition. 
It may be prepared as follows: To a boiling solution of lead acetate 
add the theoretical amoimt of ammonium carbonate. Wash the pre- 
dpitated lead carbonate several times by decantation with hot water, 
then transfer it to a hardened filter (to avoid contamination with 
loosened fibers), wash completely, and allow to drain thorou^y, or 
better, use suction. Carefully remove from the filter and dry com- 
pletdy in a porcelain dish on the water-bath. 

17. Mix I gram of the very finely powdered substance with 10-12 
grains of lead carbonate. Place the carbonate in the crucible first, 
then add the wd^ed substance and mix very thorou^y with a 
plariniiTn ^atula. Cover the cmdble and heat gently, bdow the 
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fuang-point of the mixture, for fifteen or twenty minutes, to expel 
most of the carbon dioxide. Now heat more strongly, being careful 
to have a non-luminous oxidizing flame, until the fusion is complete 
and keep it at this temperature for ten or fifteen minutes. Only the 
lowest third of the crucible should be heated to redness. Cool the 
crucible quickly by dipping the bottom in hot water, then place it, 
together with the cover, in a platinum dish and cover with hot water. 
After adding sufficient strong nitric add to insure solution of the lead, 
heat on a water-bath until disintegration is complete. Remove the 
crucible and cover when the adhering portions of the melt have dis¬ 
solved or separated therefrom. To assist in the disintegration, stir 
the mixture frequently and break up hard lumps as much as possible. 
Only slightly colored flocks of silidc add should finally remain floating 
in the liquid. Now evaporate to complete dryness. Moisten the 
dry mass with strong nitric add and again evaporate to dryness. 
Add 20 cc. of strong nitric add to the dry residue, allow to stand 
fifteen minutes and then add loo cc. of water. Heat the mixture for 
twenty minutes on the water-bath and then filter. Wash the silidc 
acid first with hot water addulated with nitric add, and then with pure 
hot water. Ignite and wdgh in the usual maimer. 

i8. Common Errors in the Determination of Silica.—^Under this 
heading Dr. Hillebrand has published an exhaustive paper in Vol. 
XXI\’ of the Journal of The American Sodety. While the technical 
chemist, working by conventional methods, might regard his findings 
as of minor importance, they should nevertheless always be borne in 
mind. They are as follows: 

1. Silica cannot be rendered wholly insoluble by any number of 
evaporations with hydrochloric add when followed by a single filtra¬ 
tion, no matter what temperature may be employed. Two or more 
evaporations alternating with filtrations are necessary to secure satis¬ 
factory results.* 

2. The generally accepted view, that silica passing into the 
filtrate is wholly thrown down by ammonia or sodium acetate in 
presence of much alumina or iron, is incorrect. 

3. Silica is appredably soluble in melted potassium pyrosulphate, 
and consequently, when silidous oxides of iron and aluminum obtained 

* BQllebrajid (private commiimcatioii) says: “Where I have fused a gram of rock 
(silicate) with 4-6 grams of sodium carbonate, I always recover about 3 milligrams of 
siHca from the iron and alumina, even after two evaporations and filtrations.” 
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in analysis are thus fused, their silica contents are only in small part 
left undissolved when the fused mass is taken up with water or acid. 
These last two sources of error may be avoided by separating all silica 
at the start as above. 

4, The need of long blast ignition of the silica in order to get the 
correct weight is proved, continual loss of weight being invariably 
observed for thirty minutes or more. 

19. Accurate Method for Silica.—Treadwell,* for an accurate 
silica determination, directs as follows: Evaporate the dilute hydro¬ 
chloric acid solution of the residue after the fusion, or the original 
material, if entirely decomposed by acid, in a porcelain dish, to dr>’- 
ness, on the water-bath, t Stir frequently until the residue is obtained 
as a dr>" powder. Moisten this with strong hydrochloric acid, cover 
the dish and allow to stand at least twenty minutes at the ordinar}" 
temperature, to insure the changing to chlorides of any basic salts or 
oxides formed during the evaporation. Then add ico cc. of water, 
heat to boiling, allow the silicic acid to settle and decant the clear 
liquid through a filter supported upon a platinum cone in a funnel. 
Wash the residue three or four times by decantation with hot water, 
then transfer to the filter and wash with hot water until free from 
chloride. If the silicic acid is not perfectly- white, but brownish 
from basic ferric salt, drop strong hydrochloric acid around the upper 
edge of the filter and immediately wash it down with a stream of hot 
water. Repeat this until the filtrate comes through perfectly colorless. 
Finally, dry the precipitate by suction, place it in a platinum crucible 
and set it aside for the time being. The separation of the silica is 
now by no means quantitative; as much as 5 per cent of the total 
amount may remain in the filtrate. To remove this, evaporate the 
solution once more on the water-bath to drjmess, keep at this temper- 
ture for one or two hours (or more), moisten with a few cubic centi¬ 
meters of concentrated hydrochloric acid and allow to stand not more 
than fifteen minutes. Too long a contact with the acid at this point 
will cause some of the silicic acid to go into solution. Add hot water, 
filter the residue through a new, and correspondingly small, filter and 
wash with hot water. 

* Anal. Chemistry (Hall), 2d Ed., Vol. H, p. 445. 

t This is sometiiiies a very tedious operation. Hillebrand says of the drying: “It 
can safely be done at temperatures higher than that of the water-bath.”—Prwofe com- 
munkation. 
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The amount of silicic acid now remaining in the filtrate should 
not exceed 0.15 per cent of the total quantity and may usually be 
neglected. It can be removed, however, by a third evaporation to 
dryness. 

The filters containing the silica are ignited, while wet, in a platinum 
crucible, and finally over the blast-lamp, and weighed. 

Treadwell further remarks: In order to make the separation of 
silicic add quantitative, it has been proposed to heat the residue 
obtained by evaporation at iio°-i20° C. It has been found, how¬ 
ever, that nothing is gained by this practice, as some silidc add is 
obtained in the filtrate and the deposited silidc add is less pure than 
when dried on the water-bath. When magnesia was present, more 
silicic add was found in the filtrate after igniting at 280° than when 
dried on the water-bath. This is due to the fact that magnesia formed 
by hydrolysis reunites with the silica to form magnesium silicate, and 
the latter is decomposed by hydrochloric add with the formation 
of soluble silidc add. It is. therefore, not advisable to attempt to 
dehydrate the silica at a temperature higher than that of the water- 
bath. 

20. Peroxide Fusion Method for Silica.—^This method is very 
convenient and frequently serves admirably where other methods, 
even the carbonate fusion, are unsatisfactory. 

Take 0.5 gram of the finely ground material and treat exactly 
as described in Molybdenum, r, up to the point where the crudble 
has been removed from the melt disintegrated in water. Now transfer 
the mixture to an evaporating dish of sufifident size, cover the dish 
and add hydrochloric add in excess, cautiously, to avoid loss by effer¬ 
vescence. Continue and finish as described in 10, ii, and 12, or 
according to 19, which includes two evaporations. 

If iron or nickel are to be determined in the same portion as the 
silica, a nickel crudble may be used in the case of iron and an iron one 
for nickel; a silver crudble will serve for either. When an iron crucible 
is employed see that any scales of iron oxide from the crudble are 
entirely dissolved, before completing the evaporation to dryness, 
adding more add if necessary. 

Metallurgical products containing carbon, which may be partic¬ 
ularly difficult to decompose completely by a carbonate fusion, 3deld 
readily to the peroxide fusion; in fact, the method is applicable to 
almost every case where a fusion is necessary. Alwa3rs heat slowly 
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to avoid loss by spattering, or by scintillation due to sulphides or 
organic matter. 

21. Methods in Use at the Colorado Plants of the American 
Smelting and Refining Co. for the Determination of Insoluble Mattm: 
in Ores, etc.*—^The methods used in the different laboratories may 
differ somewhat in unimportant details, but in general are as follows: 

Unless there is some special reason for doing otherwise, one-half 
gram is taken in all cases for the determination. 

SULPHIDES 

Treat in No. o beaker, or small casserole, with strong nitric acid, 
7-10 cc. Heat gently irntil strong action has ceased. Evaporate to 
dryness and bake until free from acid. Cool, add about 20 cc. hydro¬ 
chloric add (i part add and i part water) and heat until solution is as 
complete as possible. Filter, wash first with hot dilute hydrochloric 
add. then hot water. Ignite and weigh. 

Occasionally some ores high in zinc or lead sulphide may be treated 
to advantage, first with hydrochloric add, and then as above, but the 
result should be the same in either case if properly carried out. 

OXIDIZED ORES IN GENER.VL 

Treat with strong hydrochloric add, 7-10 cc. Boil imtil dissolved; 
add a little nitric add (o 5 cc. is usually plenty); evaporate to diymess 
and bake to the complete expulsion of add fumes. Cool; take up 
with hydrochloric add and proceed as with sulphides. 

With some ores containing carbonaceous matter, it may be neces¬ 
sary to bake for a long time, as such residues often hold add very 
tenadously. 

]VL\NGANESE OXIDES 

Nitric add is omitted entirely with these. 

LEADV OXIDE'ORES 

Some of these usually yield gelatinous silica and must be carefully 
dehydrated at a temperature which is not too high. 

r>-XTrtT7ff.T> material WHICH HAS BEEN STRONGLY IGNITED 

Digest with hydrochloric add without boiling at first, then evap¬ 
orate nearly to dryness, add a few drops of nitric add and evaporate 
* Western Chemist and Metallui^, HI, 120. 
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to complete dryness. Occasionally it may be necessary to repeat this 
treatment, this being a matter of individual judgment. Finally, 
bake to complete expulsion of acid and proceed as before. 

EO.\STED ORES, ACID WORKS’ RESIDUES, ETC. 

Digest with hydrochloric add, without boiling, until oxidized 
portion is dissolved, add 2-3 cc. of nitric add, boil to decompose 
sulphides, evaporate to dryness and proceed as before. 

ORES OR PRODUCTS COOTAINING MAGNETITE 

Some mixed oxidized and sulphide ores, and also often furnace 
mattes, contain magnetite. When this is known or suspected, the 
material is treated as above under “ Roasted Ores, etc.,” except that 
nitric add in larger quantity may sometimes be necessary. 

BARIUM SDLPH.\TE ORES 

Treat with 10 cc. hydrochloric add (r part add and r part water), 
boiling a few minutes, add 4-5 cc. nitric add, and after action has 
ceased evaporate to diyness. Bake and proceed as usual. 

After total insoluble is weighed, fuse with sodium carbonate or 
mixed carbonates, digest the melt with water imtil disintegrated, 
filter and wash. Wash out the fusion crudble with 3-5 cc. hydro¬ 
chloric add fr : 1) and with this dissolve the residue on the filter, 
being careful that the residue is all dissolved and the filter washed 
dean. Predpitate the barium in boiling solution with a slight excess 
of dilute sulphuric add. and allow to stand at least two hours before 
filtering. The barium sulphate so obtained is deducted from the total 
insoluble to give the insoluble residue. 

GENER.AL NOTES 

Care must be taken to insure the removal of ah lead salts from 
the insoluble residue. Filtrations should be conducted rapidly and 
with hot solutions, in whidi case washing with hot dilute hydrochloric 
add is perfectly safe. However, washing with hot ammonium chloride 
or acetate solution is often practiced, and there is no objection to it. 
This remo\’al of lead needs spedal care in barium sulphate ores, as 
the latter seem to render the complete solution of the lead salts more 
difficult. 
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1. Method for Ores, etc., Giving Total Sulphur.—^Weigh 0.5 of the 
finely ground substance. Jlix in a small spun-iron crucible (about 
25-30 cc. capacity) with i gram of dr\' sodium carbonate and about 
5 grams of sodium peroxide. Use peroxide of calorimeter quality, 
and, after trial, it may be measured instead of weighed. Place the 
crucible in a hole cut in asbestos board, to prevent absorption of sul¬ 
phur fumes, and fuse at a gentle heat over a Bun^^en burner. Hea\y 
sulphides may require the admixture of more sodium carbonate to 
prevent deflagration and possible loss. 

Set the crucible, while still quite hot in about i inch of cold water 
contained in a 500-cc. beaker. Cover the beaker and upset the cru¬ 
cible with a glass rod. The contents will quickly disintegrate. 
Remove and w’ash the crucible. Add about 5 grams of ammonium 
carbonate to partially destroy the causticity of the peroxide, wrarm 
gently until dissolved, and then filter through an ii-cm. filter. A 
small wad of absorbent cotton, placed in the point of the filter and 
wetted, wdll facilitate the filtration. A Witt’s plate and suction is a 
better combination for filtering, and renders unnecessary the use of 
anunonium carbonate. Wash at least ten times with hot w^ater. 
Receive the filtrate in a 600-cc. beaher, or transfer to it subsequently. 
If the filtrate is greenish, indicating manganese, it is a good plan to 
add 5 cc. of alcohol, boil and then filter again.^ 

2. Add a drop or two of methyl orange as indicator, make just 
add with hydrochloric acid and then add 1.2 cc. of the strong acid in 
excess. Now dilute to 400 cc. with hot water, ha\ing previously 
placed a mark on the beaker at this point. 

3. Heat the solution to boiling and add 10-15 cc. of a 10 per cent 
solution of barium chloride. This is best done through a small funnel 
supported over the beaker, and having the stem drawn out to a very 
small opening, so that it will take several minutes to deliver the barium 
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chloride. Now cover the beaker and boil gently for about twenty 
minutes, then set aside to settle for an hour or two. This will suffice 
for ordinarj’ technical work, but in exact analyses the beaker should 
always be allowed to stand overnight. Filter through a double 
ashless filter. Unless the filtrate appears perfectly dear, run it through 
a second time. Wash ten times with hot water. Test the filtrate 
with a little more barium chloride to be sure predpitation is complete. 
Transfer the moist filter and predpitate to a weighed porcelain or 
plattniiTn crudble. Wipe out any predpitate adhering in the funnel 
with a piece of dry filter paper, and add to the rest. Ignite by first 
heating verj’ gently until dr>', and then at dull redness until the residue 
is perfectly white. A high temperature, such as that of a blast lamp, 
is neither necessarj’ nor desirable. Cool in a desiccator and wdgh, 
deducting the weight of the filter ash, or the blank if one has been run. 

Multiply the weight of the barium sulphate by 0.1373 to obtain 
the weight of the sulphur.^ 

It is best to run a blank, once for all, with all the reagents employed, 
and always deduct for any sulphur thus found. The treatment of the 
blank should indude the fusion in the iron crudble. 

In filtering the barium sulphate predpitate, observe the following 
precaution: after the predpitate has apparently all been transferred 
to the filter, do not fail to thoroughly rub the inside of the beaker with 
a “ policeman ” and a little water, even though the beaker appears 
perfectly dean. An appredable amormt of sulphate can usually be 
found. 

It is usually unnecessary to test the filtrate from the barium sul¬ 
phate with more barium chloride, unless the predpitate is large in 
amount, or the percentage of sulphur found approximates the total 
quantity that the barium chloride used is capable of predpitating. 

Ten cubic centimeters of a 10 per cent solution of barium chloride 
k the equivalent of 0.1312 gram of sulphur, or, on the basis of 0.5 gram 
of ore taken, 26.24 per cent.® Of course a moderate excess is necessary 
in order to effect as complete a predpitation as possible. With high 
percentages of sulphur it is better to start with less ore than to use a 
large amount of barium chloride. The best excess of hydrochloric 
add is 0.3 cc. of the strong add per 100 cc. of solution. 


^ Alcohol, bdng a redudng agent, reduces the higher oxides of manganese in its 
soluble salts to the insoluble MnCh, which precipitates. 
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* BaSOi contains i atom of sulphur. Molecular weight of BaS 04 = 233.43. 
Atomic weight of sulphur =32.06. 233.43 BaSO 1-32.06 S; i BaS 04 =o.i 373 S. 

»Crystallized barium chloride has the formula BaCl- 2ll;0. The molecular 
weight of this is 244.322. Ten cubic centimeters of a 10 per cent solution will con¬ 
tain I gram. BaCU 2H5O will precipitate i atom of sulphur in forming BaSOi; 
therefore 244.322 parts by weight =32.06 parts by weight of sulphur, or, i gram- 
0.1312 gram of sulphur. On the half-gram basis this = 26.24 per cent. 


Additional Notes Relative to Barium Sulphate .—\\Tien barium sul¬ 
phate is precipitated, it tends to occlude other salts in solution, 
especially ferric iron. This tendency is increased by an excess of 
hydrochloric acid. Barium sulphate is also appreciably soluble in 
hydrochloric add. Hydrochloric add must, however, be present, 
and the best results appear to be obtained with an excess of 0.3 cc. 
per 100 cc. of solution. Ferrous iron causes less contamination than 
ferric, and while advantage may be taken of this fact; it is usually 
best to remove iron entirely before precipitation. 

Too high a temperature, such as the blast lamp, during the igni¬ 
tion of barium sulphate, may cause a gradual decomposition and loss 
of sulphur trioxide. A temperatiure of dull redness is all that is neces¬ 
sary for the ignition. 

Another possible source of error is a partial reduction of the sul¬ 
phate to sulphide by the burning filter-paper. Continued heating 
with free access of air usually corrects this. Both of these errors may 
be corrected, after cooling, by adding a drop of sulphuric acid and 
again igniting carefully. Certain errors due to occluded salts cannot 
be corrected, and it is therefore best to avoid them, as far as possible, 
by proper conditions of precipitation. 

4. Zinc Oxide Method, Giving Total Sulphur.*—^Prepare an inti¬ 
mate mixture of r part dry sodium carbonate and 4 parts zinc oxide. 
Weigh 0.5 gram of the ore into a small platinum or porcelain dish, add 
3 grams of the above mixture and mix thoroughly, best by rubbing 
together with a small agate pestle. Cover with 2 grams more of the 
zinc oxide mixture. There should always be present at least twice as 
much sodium carbonate as would be required to combine with the 
sulphur, arsenic, etc, in the ore. If a platinum dish is used, set it in a 
hole in a piece of asbestos board (to exclude sulphur coming from the 
gas), cover partially with a piece of thin asbestos board, and heat over 

* Tbe use of the zinc oxide mixture is described by Ebauj^ and Spiagoe, Jour. Am. 
Chem. Soc., XXIX, 1473. 
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a Bunsen burner to bright redness, for about twenty minutes. If a 
porcelain dish is used it is difficult to attain the proper heat with a 
Bunsen burner, and it is best to heat it in a muffle or over a suitably 
adjusted blast lamp. Allow to cool and transfer the mass to a 2 50-cc. 
beaker. Rinse out the dish well with hot water and make up the bulk 
in the beaker to about 50 cc. Heat the mixture to boihng, stirring 
well, and then filter through an ii-cm. filter and wash the residue at 
least ten times with hot water. Receive the filtrate in a 600-cc. beaker. 
Add a little methyl orange as indicator, make just add with hydro¬ 
chloric add and then add 1.2 cc. of the strong add in excess. Dilute 
the solution to 400 cc. with hot water, heat to boiling and predpitate 
the sulphm with barium chloride as described in 3. 

5. Add Method for Ores (Not Giving the Sulphur of Barium 
Sulphate).—^Treat 0.5 gram of the ore in an 8-oz. flask with 10 cc. of 
strong nitric add. Heat very gently imtil the red fumes have some¬ 
what abated, and then add potassium chlorate in small portions (say 
o. 2-0.3 gram at a time), until any free sulphur that has separated is 
entirely oxidized and dissolved. The add should not be boiled vio¬ 
lently, as this would unnecessarily weaken it. On the other hand, it is 
best not to allow it simply to .simmer, as the explosive gases from the 
decomposing chlorate may then collect in the flask and produce 
annoying, although not dangerous, explosions. When the sulphur has 
entirely disappeared the solution should be boiled to complete dryness. 
This operation may be hastened by manipulating the flask over a free 
flame. After cooling, add 5 cc. of strong hydrochloric add. This 
should be done cautiously to avoid a too \'iolent reaction with the 
undecomposed potassium chlorate that may be present. If iron 
oxide, etc., still remains undissolved, gently heat the hydrochloric acid 
mixture until solution is as complete as possible, adding more add if 
necessary. Finally, boil to dryness, then add 5 cc. more of the hydro¬ 
chloric add and again boil to dryness. This is to decompose nitrates 
and expel all nitric add. Take up once more in $ cc. of hydrochloric 
add and dilute with about 100 cc. of cold water.* Make alkaline 
mth ammonia and then add 10 cc. of a saturated solution of amm onium 
carbonate. This latter is to convert any lead sidphate to carbonate 
and thus render the combined SO3 soluble, as ammonium sulphate. 
Heat to boiling, allow the ferric hydroxide, etc., to settle, and then filter 

* If the solution is hot when made alkaline with ammonia, some bade ferric sulphate 
is likely to separate. 
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and wash very thoroughly with hot water, recehing the filtrate in a 
600-cc. beaker. Proceed with the filtrate as described in 2. 

6. Modification of the Acid Method for Ores Containing Barium 
Sulphate.—^As barium sulphate remains practically tmafiected by the 
above acid treatment, any sulphur thus combined in an ore will require 
another method for its solution. WTien the total sulphur is required 
in ores containing barium sulphate, the procedure may either be 
according to i, or the acid method may be modified as follows: Begin 
the analysis according to 5, and proceed as described until all nitric 
acid has been expelled and the residue has been taken up fur the last 
time in 5 cc. of hydrochloric acid. Xow dilute with about 30 cc. of 
water, add 5 grams of pure ammonium chloride and heat to boiling. 
The ammonium chloride is to hold any lead in solution. Filter and 
wash with hot w^ater. Reserve the filtrate, which ctjntains all the 
sulphur that has yielded to the acid treatment. Ignite the insoluble 
residue, containing the barium sulphate, in a platinum dish or crucible 
to burn off the filter-paper. WTien cool, add a little sodium carbonate, 
or mixed sodium and potassium carbonates, and fuse to decompose 
the barium sulphate and form soluble alkali sulphate. A prolonged 
fusion is not necessary. Cool, take up the mass in hot water, wanning 
until thoroughly disintegrated, and then filter and wash with hot 
water. IMake the filtrate slightly acid with hydrochloric acid keep¬ 
ing the beaker covered to avoid loss by spattering, and then add to it 
the reser\’ed filtrate. The united filtrates are now cooled >cf. foot¬ 
note to 5), and made alkaline with ammonia, ammonium car¬ 
bonate is added, and the determination proceeds in the usual 
way. 

7. Method for Roasted Ores and Ores Containing Much Copper.— 
By the wet method, some of the sulphur of roasted ores is liable to 
escape as hydrogen sulphide. Also, if the solution to which airmioma 
is added contains much copper, some of the latter is liable to separate 
as a basic sulphate, and, furthermore, the copper in the filtrate will 
contaminate the barium sulphate. Both of these sources of error may 
be avoided as follows: Fuse 0.5 gram of the ore in a large porcelain 
crucible with 25 grams of a mixture of 6 parts sodium carbonate and 
I part potassium chlorate (Bockmann’s method). Contamination 
with sulphur of illuminating-gas is best avoided by placing the crucible 
within a hole in a piece of asbestos board. Heat gently at first, and 
finally imtil the evolution of oxygen ceases. Cool, extract with water 
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and filter, -washing thoroughly with hot water. Acidify the filtrate 
with hydrochloric add and continue as described in 2. 

8. Free Sulphur in Ores, etc.—^Have the material thoroughly 
air-dried. Heating to expel moisture is liable to volatilize sulphur. 
Weigh from i to 5 grams, according to amount of free sulphur possibly 
present. Place ia a 200-cc. beaker, add about 30 cc. of aniline and 
heat the mixture just to the boih'ng-point for a few minutes, frequently 
rotating the beaker to stir the contents. Pour the hot liquid through 
a weighed Gooch crudble with asbestos mat, using suction. Rinse 
out the beaker several times -with carbon disulphide, pouring through 
the residue in the crudble, until the latter is washed free from aniline. 
A slight residue remaining in the beaker -will soon dry and may be 
brushed into the crudble. Finally, heat the latter to constant 
weight at about 100° C. The difference between the final weight of 
the residue and the original weight of substance taken represents the 
free sulphur. 

Carbon disulphide alone cannot be depended upon to dissolve all 
the free sulphur, as a modification of the element that is insoluble in 
carbon disulphide is liable to be present. 

It is best to have some water in the recdver under the Gooch 
filter, both to prevent the hot aniline from cracking the glass, and to 
prevent the separated sulphur from adhering to the sides. 

A possible source of error is water remaining in the substance that 
might count as free sulphur. 
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The following is a rapid and accurate method for the technical 
determination of tin in ores and similar material. It is a modified 
combination of ideas from several sources.* The procedure usually 
requires less than an hour and appears to answer all ordinary purposes. 

!• Oxidized Ores and Similar Material.—In a thin spun-iron 
crucible of about 6o cc. capacity, melt about S grams of sodium hydrox¬ 
ide (about 2\ inches of the stick hydroxide broken into short pieces). 
Heat until the moisture is expelled and quiet fusion attained. After 
cooling, add 0.5 gram of the finely ground ore, cover the crucible 
with a very loosely fitting porcelain cover and heat, at first cautiously, 
to lessen spattering, and then with the full flame of a Bunsen burner 
until the fusion is quiescent. Remove and reserve the cover and 
pour the melt upon a clean iron plate. Invert an evaporating dish 
over the hot cake, to prevent loss in case the cake cracks apart \io- 
lently on cooling. 

2. Set the empty crucible in a 400-cc. beaker containing 50 cc. of 
cold water. Cover the beaker and tip the crucible over 'with a glass 
rod, so as to admit the water; then add 40 cc. of strong hydrochloric 
acid. Warm the mixture and turn the crucible about with the glass 
rod until it appears clean. Remove and rinse the beaker cover, lift 
the crucible on the rod and wash off the outside, so as to permit han¬ 
dling with the fingers. Now rinse out the inside of the crucible. If 
any imdissolved melt remains, dissolve it with a little hydrochloric 
acid and rinse into the beaker. Again cover the beaker and add the 
cooled melt and porcelain cover. Warm until the cake has dissoh^ed. 
Lift out the crucible cover with forceps, or by means of a bent iron 
wire passed through the loop, and wash it. 

3. Transfer the solution, which should contain no residue of unde- 

* E. V. Pearce, at works of Messrs. WiDiains, Harvey & Co., Ltd., Cornwall. Ibbot- 
son and Bxeaily, Analyst, X902, 35; Technical Methods Analysis, GxifiBn. 
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composed ore (although there may be somes,scales of iron oxide from 
the crucible) to a i6-oz. flask. Have this flask prepared as follows: 
Mark it at the 125-cc. point. Fit a i-hole rubber stopper in the neck, 
with a glass tube passing through it a short distance into the fla^lf , 
Have the tube bent outside at right angles for about 3 inches. Con¬ 
nect this with a flexible rubber delivery tube about 2 feet long, having 

at the end a short piece of glass 
tubing drawn to a tip with an 
opening of about a millimeter. 
See Fig. 18. 

Also have ready about 100 
cc. of a 10 per cent solution of 
sodium carbonate. 

4. Bring the solution in the 
flask to the 125-cc. point by 
dilution or boiling, as necessary. 
Remove from the heat if boil¬ 
ing was required. Add about 
Fig 18 0.5 gram of finely powdered 

metallic antimony * and 40 cc. 
of strong hydrochloric acid. Insert the stopper, again place over the 
heat and dip the glass tip of the delivery tube into a small beaker con¬ 
taining about 40 cc. of the sodium carbonate solution. Now lift the 
stopper of the flask slightly, pour in 25 cc. of the sodium carbonate 
solution and again close the flask. 

5. Heat to boiling and then lower the flame so as to produce a very 
gentle boiling. Maintain at this temperature for fifteen minutes; 
by this time all the tin should be reduced to the stannous condition. 
Keeping the glass delivery- tip continually at the bottom of the small 
beaker, cool the flask and contents completely, to room temperature 
or cooler, under the tap. 

6. Remove the stopper without unnecessary agitation of the flask, 
and immediately slip in its place a rubber stopper cut very short 
(I in.), having a hole slightly larger than the delivery tube of the 
burette to be used. Add about 5 cc. of starch solution, by means of a 
ro-cc, pipette inserted through the stopper with the tip reaching nearly 
to the liquid. See that there is no air in the tip of the pipette and do 
not allow all the stardh. solution to run out, as this would draw in air. 

* This is easily prepared by grinding a little emshed antimony in a wedgwood mortar. 
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7. Insert the deliver}’ tube of a burette filled with standard iodine 
solution, through the hole, well into the flask, and titrate to a faint, 
permanent blue tinge. Rotate the flask gently after each addition of 
iodine and do not withdraw the burette tip during the titration. 

Multiply the number of cubic centimeters of iodine solution used, 
by the percentage value of i cc., to obtain the per cent of tin. 

None of the ordinar}’' constituents of tin ores interfere vdih this 
method. Both arsenic and antimony in the 02is condition in weak 
acid solution consume iodine, but in a solution containing at least one- 
fifth of its volume of strong hydrochloric acid they are entirel}’ without 
effect. 

Notwithstanding the above statement, it is always best to run a 
blank with the antimony used. Weigh 0.5 gram into the same flask 
used for the tin. Add 125 cc. of water and 50 cc. of strong hydro¬ 
chloric acid, and conduct the procedure from this point precisely as 
described for tin. Deduct the amount of iodine solution required 
to produce a blue tinge from the cubic centimeters used in the tin 
assay, before calculating the latter. 

8. The standard iodine solution may be prepared by dissomng 
about II grams of iodine in a little water with the addition of about 
20 grams of potassium iodide, and diluting to i liter. On the basis of 
0.5 gram of ore taken for assay, i cc. w’ill equal about i per cent of tin. 

Standardize as follows: Weigh carefully about c.2 gram of pure 
pow’dered arsenious oxide into an 8-oz. flask. Dissolve by warming 
with a little dilute sodium hydroxide solution. WTien dissolved, dilute 
to about 100 cc. with cold water, add a few drops of phenolphthalein 
solution as indicator and make slightly acid with hydrochloric acid. 
Now cool under the tap to room temperature or cooler. Finally, 
add 3-4 grams of sodium acid carbonate and a little starch solution 
and titrate to a permanent blue color with the iodine solution. The 
weight of the AS2O3 multiplied by 1.199 equals the w’eight of the 
equivalent amount of tin.^ Ha\dng determined this weight in grams, 
change it to per cent (on the basis of 0.5 gram = 100 per cent ', by mul¬ 
tiplying by 2 and moving the decimal point two places to the right. 
This figure, divided by the number of cubic centimeters of iodine 
solution used, will give the percentage value of i cc. 

The iodine solution does not change materially in a week, but it is 
not safe to use a standard that is older. 

* If an acid starch solution is used add it before neutralizing. 
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9. Sulphide ores should be oxidized before the fusion. As roasting 
might cause loss, it is best to treat with aqua regia until the sulphides 
are decomposed, then dilute, filter off the tin oxide and gangue and 
ignite this residue in a porcelain crucible at a low heat (it is unnecessary 
to bum off all the carbon) and proceed with it as described above. 


‘ When tin is oxidized from the stannous to the stannic condition it amounts 
to the same as changing SnO to SnO: by the addition of i atom of oxygen. Every 
Sn then, -O. WTien AsjOs is oxidized to AsaOs, every AssOj requires Os, or, 
AssOs^Sna. Molecular weight of AsaOs"'197.92 = 237-4 Sn, or, lAssO* = 1.199 
Sn. 


10. Method of £. V. Pearce for the Determination of Tin in Ores, 
etc.—Fuse * 8-10 grams of stick sodium hydroxide in a z^inch nickel 
dish with the addition of a sprinkling of finely powdered charcoal, 
keeping the dish covered with a porcelain crudble-cover. When the 
sodium hydroxide is thoroughly fused, remove the lamp and allow to 
cool slightly. 

11. Weigh from 0.2 to 0.5 gram, according to its supposed richness, 
of the finely powdered ore, place it in a thin layer over the cooled melt 
in the dish, and sprinkle a little more charcoal over the ore. Cover the 
dish and heat again, cautiously at first to avoid spattering, finally 
with the full power of a Bunsen burner for five or ten minutes, or until 
no further action is seen. Allow to cool; when cold the separation of 
the cake may be effected by squeezing the dish in the hand. Transfer 
the cake to an e\'aporating-dish (a glazed iron dish is ordinarily em¬ 
ployed), add water, and thoroughly dean and wash the nickd dish 
and cover. Now cover the evaporating-dish and add suflident strong 
hydrochloric add to effect a complete solution of the cake, with the 
exception, possibly, of some gelatinous silica. Under ordinary dr- 
cumstances the latter may be disregarded, but, if desired, it may be 
removed by filtering through glass wool. Transfer the solution to a 

* For tbis description I am indebted to Dr. Bicbaid Pearce, wbo has kiitdly written it 
with the consent of Mr. £. V. Pearce, his nephew. Dr. Pearce describes the method as 
he has seen it in daily use at the works of Messrs. Williams, Harvqr & Co., Ltd., in Corn¬ 
wall, with which his nephew is connected. In r^;azd to its accuracy, Br. Pearce states: 
*‘1 have seen the method tried on various ores and mixtiues, the latter bring prepared 
with percentages of tin known only to myself, and am quite satisfied with its accuracy 
and rapidity. In my opinion it is far ahead of any method which has yet been suggested 
for the assay of tin. eq)ecia]ly in low grade ores.” 



METHOD OF E. V. PEARCE 


221 


tall narrow beaker, add a few rods of iron fnail-rod),* about 3 or 4 
inches long, cover the beaker and warm it gently to efiect a free evolu¬ 
tion of hydrogen. The ferric chloride is reduced to a ferrous salt, the 
yellow color gi\dng place to a pale green, and then the stannic chloride 
is reduced to stannous chloride. The whole reduction is complete in 
thirty minutes or even less. Now place the beaker and contents in a 
dish in which cold water is circulating, until the solution is as cold as 
possible. Remove and wash the iron rods, add a little starch liquor, 
and the solution is then ready for titration with a standard iodine 
solution. 

12. The latter is prepared in the usual way by dissolving iodine in a 
solution of potassium iodide, and is standardized with pure tin or pure 
arsenious oxide. About a N/io strength is convenient. 

13. In the case of ores containing p}Tites, the latter should be 
oxidized before the fusion. To avoid possible loss in roasting, it is 
best to treat with aqua regia until the sulphides are decomposed, then 
dilute, filter, and ignite the residue, containing all the tin oxide, at a 
low temperature in a porcelain capsule (it being unnecessarj' to bum 
off all the carbon) and proceed with it as described above. 

14. In regard to his method, Mr. E. V. Pearce WTites: I should 
explain to you that the merit of my process lies in the ease with which 
the tin is obtained in solution. The titration with iodine w'hich I am 
using has been elaborated by L. Parry and is described in detail in his 
book, * The Assay of Tin and Antimony.' The advantages of the 
process, in conjunction with the iodine titration over any other known 
tin assay are: 

“ I. The ease with which all the tin is obtained in solution; 

2. The absence of any filtrations; 

3. No separation of other metals is necessarj^; 

“ 4. The speed with which an assay can be made,—1| hours being 
sufficient for any ores.” 

Note.—^M r. E. V. Pearce has recently called my attention to the fact that the omis¬ 
sion of charcoal in the decomposition, according to my modihcation of his method, is 
apparently permitted by the use of an iron crucible. When a nickel crucible is used, the 
decomposition is frequently incomplete if charcoal is omitted, but iron filing s appear to 
serve equally as well as charcoal. The iron of the crucible is therefore a factor in the 
reactions, and Mr, Pearce prefers the method I describe, as being more convenient than the 
use of either charcoal or iron filings. The weak point of this method is the likdihood of 
the stannous solution being oxidized by the air during titration, causing a low result. 

* Mr. Pearce now uses sheet nickel as the redudng agent. I have likewise found nickel 
preferable to iron. 
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15. Parry’s Method for the Assay of Tin Ore.*—^Tin ores may 
be either pjTitic or non-pj-ritic. P3nritic ores holding more than two 
per cent sulphur must be, and nori-pyritic ores may be, treated with 
nitric acid before reduction, as tin sulphide is volatile at a red heat. 
Weigh 5 grams of the ore, groimd as finely as possible, either directly 
into a porcelain boat, or treat in an evaporating dish with a watch- 
glass cover, with 20 cc. of dilute nitric acid, and carefully evaporate 
to complete dryness. Digest the residue with dilute nitric add and 
filter. Drj’ the washed residue, ignite it in the dish, and then transfer 
it to a porcelain boat and heat it to low redness for two hours, in a slow 
current of hydrogen or coal gas. Coal gas is much more convenient 
to use and quite as effective as hydrogen. The boat is 2§ by | in., 
and two at a time may be placed in a porcelain or glass tube 12 in. long, 
with a f in. bore, w'hich is then placed in the reduction furnace. A 
verj" convenient form of gas reduction furnace, with clay body, 
brass gas jets, and asbestos rings to fit over the ends of the tube 



against the clay covers, is made in 6-in. lengths. The ends of the 
tube should project about 3 in. at each end of the furnace, and should 
be dosed with rubber stoppers fitted with glass tubes as shown; the 
escaping gas labout 4 bubbles per second) is passed through dilute 
hydrochloric add, in which any volatilized tin is condensed. In ores 
holding not more than 2 per cent sulphur—that is to say, in 99 out of 
roo samples of black tin or tin barilla, as bought, treatment with nitric 
add may be omitted. In these direct reduction assays the tube is 
wadied out, after the reduction is complete, with hydrochloric add 
and potassium chlorate, also the glass leading tube. The solution is 
mixed with that through which the gas bubbled, reduced with iron 
and titrated for tin with iodine. This generally adds o.i to 0.2 per 
cent on the main tin assay. Where treatment of the ore with nitric 
add is adopted as a method, the tube may still be similarly washed 
out, and, together with the gas liquor, tested for tin, as a ^eck, for 

*L. Paiij', London Mining Jour., S^t. 25.1909 j also Parry’s “The Assay of Tin and 
Antimony.” 
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instance, against volatilization of tin on account of sulphur in the gas. 
A two-way gas branch is used; oi\e jet supplies gas to the tube, the 
other supplies gas for heating the furnace. After the reduction, allow 
the boats to cool in the furnace, and. when cold, transfer each boat and 
its contents to a 400-cc. beaker and treat with 150 cc. of hydrochloric 
acid and 5 cc. of nitric acid. Allow the assay to stand in a warm place 
until the action abates, then boil for a few minutes, dilute with an 
equal bulk of water and filter. Wash the residue well udth hot acid 
water, then with hot water, and then dr\’ and ignite it. Fuse the 
ignited residue with 4 or 5 parts of a mLtture of sodium carbonate 
(free from chlorine) and borax, in a platinum crucible. Dissolve the 
melt in hydrochloric add and precipitate ■with zinc, as usual. The 
residue rarely holds more than 0.5 per cent of the total tin in the ore. 
Instead of being fused as above, the residue may be fused ■with about 
2 in. of stick sodium hydroxide in an iron crucible over a Bunsen 
burner. Dissolve the melt in hydrochloric acid and predpitate on 
zinc as usual. Make up the main solution to 500 cc.. pipette off the 
equivalent of r gram into an 8-oz. flask, reduce with iron wire and filter. 
Predpitate the filtrate with strips of sheet zinc as usual. Dissolve 
the metallic sponge in hydrochloric add and titrate at the boiling-point 
with standard ferric chloride solution. 

In predpitating the tin with zinc, neutralize the solution which 
should be freely acid) with thin strips of zinc. Use an excess of zinc 
at the beginning, as, if the neutralization is effected too slowly, tin is 
apt to remain unpredpitated. When the action ceases pour a little 
of the liquor into a beaker containing some hydrogen sulphide water; 
if the predpitate is white all the tin has been thrown down. Pour 
away the mother liquor as closely as possible, after allowing any float¬ 
ing partides of metal to settle. The best plan is to pour the h’quid 
from the flask into a beaker, which is then rapidly filled with water 
from the tap. Press the larger pieces of spong)' tin against the side of 
the beaker ■with a glass rod, after which they will readily settle. The 
addition of a drop or two of ammonia, or pouring the liquid to and 
fro from one beaker to another, will generally insure the settling of 
the lighter particles. Wash the metal in the beaker back into the 
flask with 180-200 cc. of hydrochloric add, to dissolve the tin and 
zinc, and bring the liquid to a boil as rapidly as possible, •with the 
addition of a granule of dnc. The flask should be pro'vided ■with a 
rubber stopper through which passes a short length of glass tubing- 
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If the add is not brought to a boil rapidly, the metal may be com¬ 
pletely dissolved while there is still air in the flask, and some stannic 
chloride may be formed. When the solution is complete, and the 
liquid boiling, titrate at once with ferric chloride. One drop of the 
ferric chloride solution in excess should produce a plain yellow tinge. 
The end-point is more marked the hotter and more add the solution. 

Under ordinary circumstances it is better to let the action cease 
completely when predpitating with the zinc, but in the rare cases 
when titanium is present (as evidenced by the violet color of the solu¬ 
tion during the predpitation), the liquor must be poured off from the 
tin and zinc while it is still slightly add, all the titanium being tlipn 
in solution as sesquichloride. Also, the sponge of tin and zinc should 
be washed once with water slightly addulated with hydrochloric add. 
Under these drcumstances no titanium hydroxide is left with the tin 
and zinc. Ti 2 Cl 4 is oxidized by ferric chloride, though it is unaffected 
by iodine. In the case of an insoluble silidous residue from solution 
(after gas reduction) of an ore, which is apparently poor in tin and 
rich in titaniinn, it would be a convenient plan, after fusing and dis¬ 
solving in hydrochloric add, to reduce the solution with iron and titrate 
with iodine, instead of predpitating with dnc for the ferric chloride 
assay, as the silidc add sometimes deposited from hydrochloric add 
solutions during zinc predpitation may carry down titanic add with 
it or ocdude titanous chloride mechanically. If, however, any 
titanium got through into the hydrochloric add solution for ferric 
chloride titration, its presence would at once be shown by the color. 
On rich material the ferric chloride titration should be employed 
whenever possible, as the iodine titration, even \mder the best con¬ 
ditions, has a slight tendency to give low results. 

i 6 . Preparation and Standardization of the Ferric CUoride Solu¬ 
tion .—^The ferric chloride solution should be made up 2 liters at a 
time, from a concentrated stock solution made by dissolving piano 
wire in hydrochloric add, peroxidizing with nitric add and evaporating 
twice with hydrochloric add to dryness, and then dissolving in hydro¬ 
chloric add. It is standardized against i gram of the purest tin, 
filed with a fine file. The ferric chloride solution may also be made by 
dissolving 180 grams of the yellow commercial lump salt, which is 
roughly Fe2Cl6.i2H20, in about 200 cc. of hydrochloric add and 
evaporating to dryness. The residue is dissolved in 300 cc. of hydro¬ 
chloric add and diluted to 2 litras. The evaporation is to free the 
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solution from nitric acid and arsenic. Use only the purest and strong¬ 
est hydrochloric acid. 

To standardize, weigh i gram of pure, finely di\Tded tin into 
an 8-oz. flask, add strong hydrochloric acid until the flask is about 
three-fourths full, insert a rubber stopper provided with a few inches 
of small glass tubing, and boil the mixture until solution is complete. 
Do not boil too rapidly, as this weakens the hydrochloric acid too 
much before the tin is dissolved. Neither should the liquid come to a 
boil too slowly, as all the tin might then be dissolved before the air in 
the flask was thoroughly expelled, and stannic chloride might be 
formed. When solution is complete, titrate the boiling-hot solution 
at once. Use a fast-running burette with a glass stopcock. Two or 
three minutes^ delay in titrating will not show a perceptible effect, 
but after five minutes, oxidation is apparent and increases rapidly. 
The end-point of the titration is indicated by a yellow tinge, which is 
produced by an excess of i drop of the ferric chloride solution. If the 
liquid in the flask turns dark greenish after the titration, the ferric 
chloride is contaminated with nitric acid. One cubic centimeter 
should equal about 2 per cent of tin, on the basis of i gram taken 
for assay. 

In the assays, the main portion of the titration must be done 
with the above ferric chloride solution, but it may be finished with a 
solution of half or quarter strength, in order to obtain a more exact 
ending. 

Notes ,—^Any copper in the tin ore is found in the nitric acid solu¬ 
tion, though traces may remain with the SnOo- In the iron wire 
stage, the arsenic which escaped extraction with nitric acid and vola¬ 
tilization in the reduction tube, is partly evolved as AsH,^ and partly 
precipitated with antimony in the metallic form. It comes dowm as a 
brown flocculent deposit, which contains 3 or 4 per cent of its weight 
in tin. As there is generally only i or 2 per cent at most, and usually 
under 0.5 per cent, of arsenic in a tin ore, the loss of tin from this cause 
is quite negligible, but as a check one should save the iron wire and 
precipitates and filter-papers, and examine them from time to time for 
tin. It will be found, as in the case of the deposit in the tube, and the 
dilute hydrochloric acid throu^ which the escaping gas bubbles, that 
only the merest traces of tin are lost in these operations- Further, 
one may make the hydrochloric add solution of the reduced metal 
in a conical flask with a rubber stopper and tube dipping under water, 
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to assure oneself that there is no appreciable loss by volatilization of 
SnCl*. 

If the ore contains tungsten it is mostly found as WO3 in the 
residue from the hydrochloric acid and nitric acid extraction of the 
reduced metal, from which it may be removed, before fusion, with 
ammonia. Any tungsten which gets into the main solution comes 
down as blue oxide with the iron wire precipitate, and any which is 
fused with sodium carbonate and borax should be removed by reduc¬ 
ing the hydrochloric acid extract of the melt with iron wire before 
precipitating with zinc. In general, all the antimony and some of the 
lead in the ore will be foimd in the main hydrochloric acid solution, 
while some of the lead will be obtained in the nitric add extract. 

After the nitric add evaporation the residue may be boiled with 
hydrochloric acid (about 50 cc.), diluted and filtered, though in this 
case the extract must be tried for tin as a matter of precaution. It 
will, in general, hold aU the copper and most of the arsenic, antimony, 
lead and iron, though one can never be sure that the residue is free 
from the oxides of these metals. Occasionally this hydrochloric add 
extract will hold a little tin. The residue is reduced in the usual 
manner. 

Except with impure ores, the reduction with iron wire may be 
omitted, as it is always an advantage to save a filtration when pos¬ 
sible. and as the small amount of antimony usually present is evolved 
as stibine during the zinc predpitation. In this case the aliquot part 
of the solution is at once predpitated with zinc. The boiling hydro¬ 
chloric add solution for titration with ferric chloride must, however, 
be free from black powder of Cu, Sb, etc., and from timgsten blue in 
suspension or solution. (Lower oxides of tungsten in solution give 
a brownish pink or light claret colored solution.) During predpitation 
with zinc the solution should be freely add to start with, and in the 
presence of Ti or Mo should be distinctly add when poured off, as 
titanium and molybdenum interfere wnth the ferric chloride titration, 
titanium sesquichloride redudng ferric chloride. 

When copper, or appredable amounts of antimony, or arsenic, 
or bismuth are present, reduction from iron must precede zinc pre¬ 
dpitation. Instead of doing this with iron wire in a flask, use a 400-cc. 
beaker (tall shape), and one strip of sheet-iron about i-in. in width, 
and of suffident length to leave about i in. above the surface of the 
liquid. This will be easy to wash. The assay must be filtered hct. 
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and the paper thoroughly but rapidly washed with hot water strongly 
add with hydrochloric add. Under the assay conditions, the residue 
is free from tin. After zinc predpitation, care must be taken to insure 
that no floating particles of metal are poured off with the mother 
liquor, or left in the beaker after redissohing in hydrochloric add. 
The mother liquor must always be tested with hydrogen sulphide. 
The assay for titration is brought to a boil as rapidly as possible, and 
should begin to boil before all the metal is in solution. The addition 
of a granule of zinc effects this. The zinc used in precipitation must 
be good thin sheet-zinc, free from tin. 
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TITANIUM 

1. Gravimetric Determination: Gooch Method, Modified.*— 
This method is applicable to minerals and metallurgical products that 
are comparatively high in titanium. The method provides for the 
separation of titanium from iron, aluminum, and phosphoric add, with 
which it commonly occurs. The procedure, as proposed by F. A. 
Gooch and modified for non-aluminous rocks by Wm. M. Thornton, 
has been found by Scott to give reliable results. The details of the 
method, with a few slight changes found to be advantageous, are given 
below. Iron is separated from titanium by predpitation as a sul¬ 
phide in the presence of tartaric add; -the organic add is destroyed 
by oxidation and the titanium predpitated from a boiling acetic acid 
solution. In the presence of alumina and phosphoric add the impure 
precipitate is fused with sodium carbonate and the impurities leached 
out with boiling water. 

2. Procedure .—Ores High in Silica .—^Treat i gram or more in a 
platinum dish with a mixture of 10-15 cc. of 50 per cent hydrofluoric 
add and 3-4 cc. of strong sulphuric add per gram of sample. 

Oxides .—^Decompose by fusion with sodium or potassium add 
sulphate. 

3. The decomposed mixture, however obtained, should not contain 
over 0.2 gram of titanium. Take it up in 10 per cent sulphuric acid, 
keeping tie volume as small as possible. 

Precipitation of the Iron .—Add tartaric add equal to three times 
the weight of the oxides of titanium to be hdd in solution. The 
amount in any case should not exceed i gram, as the subsequent 
removal of larger quantities would be troublesome. 

Pass hydrogen sulphide into the solution to reduce the iron, then 
add ammonia to slight alkalinity, and again pass in hydrogen sulphide 
to completely predpitate FeS. Filter, waging the ferrous sulphide 
* W. W, Scott's ^ Standard Methods of Chemical Analysis." 
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with very dilute colorless anmonium sulphide. The titanium in the 
filtrate is entirely iron-free. 

Oxidation of the Tartaric Acid .—^The tartaric acid must be removed, 
since titanium cannot be precipitated by any reagent in its presence. 
Transfer the filtrate to a 500-cc. Kjeldahl flask, add 15-20 cc. of strong 
sulphuric acid and boil until incipient charring occurs. Cool slightly, 
add about 10 cc. of fuming nitric acid, verj' cautiously, a few drops at a 
time, and when the first \iolent action has subsided heat the flask 
gradually (under a hood). A A-igorous reaction will take place, accom¬ 
panied by much effervescence and foaming, with evolution of copious 
brown fumes. The organic matter will gradually disappear, the 
effervescence becoming steady and finally ceasing, and white fumes of 
SO3 will appear. Cool the solution and pour the pale yellow sjTup 
into 100 cc. of cold water. Wash out the flask, adding to the rest. 
Filter the solution if it is cloudy. 

Precipitation of the Titanium .—^.\dd ammonia until the solution 
is nearly neutral. This point may be recognized by the production of a 
slight turbidity, w'hich clears by \'igorous stirring. If a trace of iron 
is suspected, add about i cc, of a 10 per cent solution of ammonium 
acid sulphite. Now add 5 cc. of glacial acetic acid, then 15 grams of 
ammonium acetate, and make up the voliune of the solution to about 
350 cc. Heat rapidly to boiling and maintain in ebullition for about 
three minutes. The titanium will precipitate in a white flocculent 
and readily filterable condition. Filter off the precipitate, washing 
first with water containing acetic acid and finally with pure water. 
Ignite filter and precipitate, at first cautiously over a low flame, and 
then intensely for twenty minutes. Weigh the residue as TiOa. 

In the presence of large amounts of alunaina and phosphoric acid, 
fuse the residue with sodium carbonate in a platimun dish. Leach 
the melt, after cooling, by boiling with pure water. Alumina and 
phosphoric add go into solution as soluble sodium salts, while titanium 
oxide remains insoluble in the residue. 

Ignite the insoluble residue and weigh as TiOa. 

4. Colorimetric Method for Iron Ores.*—^Take o.i gram of the 
finely powdered mineral and mix it in a platinum crudble with 0.2 
gram of sodium fluoride, also finely powdered. Add 3 grams of sodium 
pyrosulphate, without mixing. Fuse careftilly, holding the burner 
in the hand. Heat gently till the effervescence ceases and copious 
* Method of W. A. Nt^, Jour, of AaaL and .^ppL Oum., V, 39. 
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fumes of sulphuric acid are evolved. This takes only two or three 
minutes. WTien cold, dissolve the mass in the crucible in 15 to 20 cc. 
of cold water and filter the solution. The filtrate and washings need 
not exceed 20 cc. If a residue remains, it can be treated again by the 
same method, after burning the filter, but the amount of titanium 
found by a second fusion is usually very small. 

To the solution add i cc. of hydrogen peroxide and a few cubic 
centimeters of dilute sulphuric acid, and compare the color (orange 
red to yellow) with that of solutions containing known amounts of 
ti tanium . Nessler tubes may be used for this purpose, and the solu¬ 
tions are all brought to the same volume, say 30 or 50 cc. For a 
standard solution, dissolve titanic oxide in hot concentrated sulphuric 
acid and dilute the solution till i cc. contains i mg. of Ti02. In 
diluting it is best to use dilute sulphxiric acid at first, to prevent the 
precipitation of titanic oxide.* 

The colors produced are more or less affected by the presence of 
iron, and it is therefore advisable to add to the comparison-tubes an 
amoimt of ferric sulphate corresponding approximately to that in the 
solution which is being tested. A solution of ferric ammonium alum 
answers well for this' purpose, and all that is necessary is to match 
the color of the solution of the mineral before adding hydrogen 
peroxide to it. If this is done, titanium can be readily determined in 
the presence of very considerable amounts of iron. Thus, 0.02 mg. 
of titanic oxide can be detected in 30 cc. of water in the presence of o.i 
gram of ferric oxide in the form of sulphate. This would correspond 
to 0.02 per cent for o.i gram of mineral. 

Determinations based on a comparison of tints are especially 
valuable for the estimation of small quantities of elements, and for 
most cases where titanium requires determination the above method is 
amply accurate. It works excellently with magnetite and other iron 
ores. There appears to be no appreciable error caused by the volatili¬ 
zation of titanium as fluoride. 

5. Test for Tita n iu m .—A qualitative test for titanium can be 
made in five minutes as follows: Mix a little of the powdered ore with 
sodium fluoride, add sodium pyrosulphate, and fuse as above. Cool 
by dipping the crudble in cold water. Add 2 or 3 cc. of dilute sul¬ 
phuric acid and 10 cc. of water. Dissolve by boiling. Divide the 
solution in two portions, and to one add a few drops of hydrogen 

•See 6. 
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peroxide. A comparison with the solution to which no hydrogen 
peroxide has been added will show at once whether titanium is present 
or not. 

6. Preparation of Standard Solution of Ti tani c Oxide.—I have 
found difficulty in preparing a standard solution of titanium by dis- 
soMng titanic oxide in hot concentrated sulphuric acid. The fol¬ 
lowing method is satisfactorj” 

Ignite pure titanic acid until all water of hydration is expelled. 
Weigh 0.5 gram into an S-oz. flask, add ic cc. of strong sulphuric acid 
and 5 grams of potassium sulphate. Heat over a free flame until the 
titanic acid is dissolved and the solution is clear. Cool, dilute wdth 
125 cc. of I : 4 sulphuric acid, transfer to a 5C0-CC. measuring flask 
and make up to the mark with cold water. WTien perfectly cool, 
again adjust to the mark and mix thoroughly. One cubic centimeter 
will contain i mg. of Ti02. A more accurate method of preparing this 
standard solution may be found in Bulletin Xo. 305 of the U. S. Geo¬ 
logical Sur\'ey, p. in. 

7. Notes on Colorimetric Method.—The color produced by tita¬ 
nium is destroyed by hydrofluoric acid or fluorides. Vanadium pro¬ 
duces a very similar color, which, however, is not thus destroyed. 
Another method of distinguishing between the two elements in the 
qualitative test is as follows: Di\dde the solution in two test-tubes. 
Add to one 5 cc. of water and to the other 5 cc, of 3 per cent hydrogen 
peroxide solution. If titanium alone is present the peroxide tube will 
show a yellow or orange-yellow tinge when compared 'wdth the other. 
A distinctly reddish tinge indicates vanadium, with titanium also pos¬ 
sibly present. Add i /20 N ferrous sulphate solution, i cc. at a time, 
shaking after each addition. The red color will gradually fade. If it 
fades to a yellow, titanium is present, othen^dse it will fade out with¬ 
out changing to yellow. 
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1. Method for Ores.—^Weigh 0.5 gram of the very finely 
ground ore into an 8-oz. flask copper-flask ”)• Add 3 grams of 
anhydrous sodium sulphate and 5 cc. of strong sulphuric acid. Heat 
over a free flame, preferably with the flask in a holder, until the free 
acid is all expelled and the mixture reduced to a red-hot melt. Con¬ 
tinue the fusion until the decomposition is complete. By holding 
the flask at an angle, so that most of the heat is on the curve just 
above the bottom, the latter is prevented from bulging. Give the 
flask a slight circular motion during the heating. Rotate it while 
cooling, so as to distribute the melt around the sides, and thus avoid 
cracking. The decomposition is usually very quickly effected without 
any material injur>^ to the flask. A Pyrex flask is to be preferred. 

2. Wlien the melt is cool, add 20 cc. of hot water, 20 cc. of strong 
h^'drochloric acid and 5 cc. of strong nitric acid. Boil until the bulk 
is reduced to about 10 cc. Add 25 cc. of hot water, and 3 cc. of cin¬ 
chonine solution, and cool under the tap, to room temperature or 
cooler. 

The cinchonine solution is made by dissolving 25 grams of cincho¬ 
nine in 200 cc. of I : I hydrochloric acid. 

3. Filter the cold mixture through a 9-cm. filter, returning the first 
portion if at all cloudy. The flask may be washed out with cold water 
while the filter still contains liquid, if the washing is done quickly. It 
must be remembered, however, that cold water alone, with no dn- 
chonine present, will soon cause a cloudy filtrate. Wash filter and 
precipitate twice with dilute cinchonine solution (5 cc. of the above 
solution diluted to 100 cc.) contained in a small wash-bottle. The 
flask may retain a little WO3 adhering to the sides. 

4. Spread the filter carefully on a watch-glass and wash the pre- 
dpitate, through a funnel, back into the flask with hot water, using as 
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little as possible. Pour about i cc. of ammoma upon the niter in the 
watch-gkss and set the whole on a water-bath to dr>'. 

Add I gram of sodium carbonate to the mixture in the flask and 
boil to small bulk while the filter is drj-ing. Re-fold the drj’ filter in 
the original creases and replace in the funnel. Rub up any adhering 
residue on the watch-glass Tuith a little water and wash through the 
filter into a clean flask like the first. Pour the concentrated liquid in 
the original flask through the filter and wash out the flask with hot 
water. Now pour a little ammonia into the washed flask, add about 
SO cc. of hot water, and use this solution to wash the filter at least ten 
times, with about 5 cc. each time. 

5. Boil the filtrate to small bulk. This will expel all the ammonia. 
Add 2 grams of anhydrous sodium sulphate and ' cautiously. 5 cc. of 
strong sulphuric acid. Spattering may be avoided by first cooling 
under the tap. Boil the mixture in the flask in the original manner, as 
described in i, until the free acid is e.xpelled and any carbon from the 
cinchonine is burned off. Cool as before, add 20 cc. of strong hydro¬ 
chloric add and 5 cc. of strong nitric acid, and boil down to about 10 cc. 

Add 25 cc. of hot water, and 3 cc. of dhchonine solution, and cool 
and filter as before, using an ii-cm. ashless filter. Before washing 
the filter, pour a little ammonia into the flask to dissolve adhering 
WO3, and boil the solution until all free ammonia is expelled. Now 
add a few drops of hydrochloric acid and about i cc. of the dilute cin- 
chonone solution, and cool imder the tap. Pour the cold mixture into 
the filter and wash out the flask quickly with cold water. Wash 
fiilter and predpitate at least ten times TOth the cold dilute cinchonine 
solution. 

6. Transfer the washed filter and predpitate to a small weighed 
platinum dish and ignite until the carbon is burned off. Cool, add a 
few cubic centimeters of hydrofluoric add and evaporate to drvness 
to ranove any silica. Again ignite and then cool and weigh as WO3. 
Multiply the centigrams by 2 to obtain the per cent. 

Note .—Quinine may be substituted for dnchonine, if desired. 

Tungstai in ores is usually reported as the oxide. WO3. instead 
of the dement. Most of the methods described for its determination 
are very tedious, either in the original decomposition of the ore or in 
the subsequent operations. In the majority of cases the above method 
is both rapid and accurate. The decomposition of the ore may some¬ 
times be varied with advantage, by the addition of a little hydro- 
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fluoric acid (i cc.), to attack silica, or a small piece of filter paper to 
act as a reducing agent, or both. These additions are usually quite 
unnecessary. 

7. Hydrofluoric Acid Method for Ores.—^Treat 0.5 gram of the 
very finely powdered ore in a small platinum dish with equal parts of 
strong hydrochloric and hydrofluoric acids. Digest on a water-bath 
until solution is complete, adding more of each acid from time to time 
if necessarj’. It may require from one to several hours to effect com¬ 
plete decomposition of the ore. Usually a perfect solution may be 
obtained. Any tin oxide present will be unaffected. Finally, evap¬ 
orate to about 15 cc. with an excess of hydrochloric add. A yellow 
precipitate of H2WO4 may separate during the final evaporation, owing 
to the expulsion of the hydrofluoric add that holds it in solution. 

8. Transfer the solution and any predpitate to an 8-oz. flask. If 
some of the predpitate adheres to the dish, remove as much as pos¬ 
sible with a rubber-tipped glass rod and rinse into the flask with a very 
little hot water. If some still remains, pour a few cubic centimeters of 
strong ammonia over it, cover the dish and set it aside for the time 
being. 

To the mixture in the flask add 20 cc. of strong hydrochloric add 
and 5 cc. of strong nitric add. Boil down to about 10 cc. This will 
expel any rmaining hydrofluoric add and precipitate the tungsten as 
tungstic add, H2\V04. Dilute with 50 cc. of hot water and allow to 
simmer at a gentle heat for about half an hour, or until the tungstic 
acid has settled clear. Filter, washing well with hot water. 

9. The tungstic add on the filter is now to be dissolved with warm 
dilute ammonia and the filtrate evaporated to dryness in a wdghed 
platinum didi. Use the same dish as before. If it already contains 
ammonia, added to dissolve adhering tungstic add, see that the latter 
has all dissolved, warming if necessar)’-, and then rinse the solution 
into a small beaker. Dr}% ignite and wd^ the dish and place it imder 
the funnel. Warm the ammoniacal solution in the beaker and pour 
it over the predpitate in the funnel. Continue to pour on more warm 
dilute ammonia, very slowly, so as to use as little as possible, imtil the 
predpitate is all dissolved, washing the filter with the same solution. 

Evaporate the filtrate in the platinum dish on a water-bath, to 
dryness, and then ignite the residue at a red heat. Cool and wd^ as 
WO3. Multiply the wd^t in centigrams by 2 to obtain the per cent. 
If tungsten is desired, WO3X0.793 = W. 
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The cold residue should be of a bright caiiar3'-yelIow color. 

10. Watts’ Method for Ores.*—This is a verj' good method, but it 
has the disadvantage of requiring a long time for the decomposition 
of the ore. The ore must be in the finest possible state of dmsion. 
The time spent in grinding will be more than made up for later. 
Laboratories using the method regularly, employ a large agate mortar 
•with pestle specially fitted to run by power. 

Usually I gram of the agate-ground sample is taken for analysis, 
w'hatever the grade. e.xcept in the case of extremely low-grade ores or 
tailings, when 2 grams are taken. 

The method of attack by acid depends somewhat on the grade 
of the ore; if not over 30 per cent it is treated directly by evaporating 
wdth about 40 cc. of aqua-regia; if much above this, and always in the 
case of concentrates, the assay is started ■with 40 to 5c cc. of hydro¬ 
chloric acid alone. In the latter case, when the solution has evaporated 
to say, 15 cc., about 25 cc. of aqua-regia are added and the evaporation 
again carried on until the solution has evaporated to 15 cc. The 
evaporation is conducted in a small covered beaker on a hot-plate. 

The beaker is now removed from the hot-plate. 5c cc. of hot water 
are added and the mixture is allowed to stand for twenty or thirty 
minutes. The nearly clear solution is now decanted through a filter, 
as much of the residue as possible being kept in the beaker. The 
residue is now washed t'wice by decantation; 50 cc. of hot water, con¬ 
taining a little hydrochloric acid, are used each time. 

To the residue in the beaker add about 15 cc. of ammonia solution 
(made bj’ adding 400 cc. of strong ammonia to 2000 cc. of water con¬ 
taining 20 cc. of strong hydrochloric acid). Warm slightly imtil all 
the liberated tungstic acid is in solution. Decant through the original 
filter, receh’ing the filtrate in a large porcelain crucible. 1 If the ore 
is low grade, platinum should always be used. ) The residue is now 
examined for any undecomposed particles of mineral; if none are 
found, transfer the whole to the filter •with the ammonia solution 
(used warm in a wash-bottle). The filter is then further washed 
•with the same solution until free from tungstic acid. Five washings 
of 2 or 3 cc. each will suffice, if the stream is directed around the top 
of the filter. 

Should any undecomposed mineral be found after the first treat¬ 
ment with ammonia, as may sometimes be the case owing to the pro- 
* Commttnicated by Hugh F. Watts, Bouldw, Ck 4 o. 
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tective action of the liberated tungstic acid, wash three times by decan¬ 
tation with ammonia solution and then, instead of transferring to the 
filter, again treat with aqua-regia, which should not be stinted in 
amount, even if the residue is small. Use at least 30 cc. and treat 
exactly as at first, except that smaller amounts of wash solutions will 
suffice. The tungstic add liberated by the second add treatment is 
apparently somewhat more difficultly soluble in ammonia than the 
first obtained, but warming and stirring will finally cause it to dissolve. 
Add this solution to the main ammonia solution in the large porcelain 
crucible. 

Evaporate to chymess in the crudble, ignite gently to expel ammo¬ 
nia salts, and finally over the full flame of a good Bunsen or Tedu 
burner. Cool and weigh as WOs. 

If the ore is of low grade, the evaporation should be made in a 
platinum dish, and the residue, after ignition, moistened with hydro¬ 
fluoric add and again ignited before wdghing as WO3. 

II. Fusion Method for Wolframite.—Fuse 0.5 gram of the very 
finely ground ore with 2-3 grams of sodium potassium carbonate in a 
platinum crudble for from one-half to three-quarters of an hour. Dis¬ 
solve the fused mass in boiling water. The tungsten goes into solution 
as sodium or potassium tungstate, together with alkali silicate and 
also stannate, if tin be present. The residue contains the iron, man¬ 
ganese, caldum, and magnesium. Filter and wash with hot water. 
Rinse the residue into a beaker and warm with dilute hydrochloric 
add. If gritty partides rmain imdissolved, filter thmn off throu^ 
the filter last used and wash with hot water. Dry and ignite the 
residue and again fuse it with the mixed carbonates. Dissolve the 
fused mass as before, filter and unite the filtrate with the first 
filtrate. 

12- Having thus obtained an aqueous solution of alkali tungstate, 
add to it an excess of nitric add and evaporate to dryness on a water- 
bath. Again add a little nitric add and evaporate to dryness a second 
and a third time. Fina lly heat the residue in a drying-oven at 120® C. 
for some time, then moisten with strong nitric add and allow to stand 
for fifteen or twenty minutes. Now add a hot 5 per cent solution of 
ammonium nitrate and filter the mixture, washing wdl with ammo- 
_ nium nitrate solution sli^tly addified with nitric add to remove all 
the sodium and potassium salts. Finally, wash once or twice more 
with a hot, very dilute ammonium nitrate solution and then dry the 
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filter and contents and transfer the latter as completely as possible to 
a weighed platinum crucible. Moisten the paper with a strong solu¬ 
tion of ammonium nitrate, dry it and incinerate over the crucible in a 
coil of platinum wire. Ignite the whole, now, with free access of air. 
If the tungstic acid is not pure yellow when cool, moisten inth a few 
drops of nitric acid and repeat the ignition. 

13. The ignited tungstic acid may contain silica and stannic 
oxide. The former may be removed by warming with a few cubic 
centimeters of hydrofluoric acid, evaporating to dryness and igniting. 
The residue consists of pure tungstic acid, or tungstic acid and stannic 
oxide. The amount of the latter is usuall}- so small as to be negligible. 
If desired, however, the tin may be volatilized as stannic chloride by 
ignition with ammonium chloride. The stannic chloride is decom¬ 
posed by the moisture of the air and stannic oxide may be deposited 
on the outside of the crucible. To prevent this, place the crucible in a 
larger one and keep the outer crucible covered until the ammom'um 
chloride is completely expelled. Now heat the inner crucible with 
free access of air until its contents become pure yellow. Cool and 
weigh. Repeat the ignition with six or eight times as much ammonium 
chloride as there is precipitate until the weight of the residual WO3 
becomes constant. The tungstic acid becomes dark on igniting in the 
absence of air and assumes its true color and weight only on igniting 
with free access of air. 

The weight of the WOa multiplied by 0.793 gives that of the tung¬ 
sten. 

14. Another method of precipitating the timgstic acid from the 
solution of alkali tungstate is that of Berzelius, as follows: Neutralize 
the greater part of the alkali \\ith nitric acid, being verj' careful, how¬ 
ever, to still leave the solution slightly alkaline. The amount of 
nitric acid to use is best ascertained by a blank test on the same 
amount of alkali carbonates as was taken for the fusion. Now add 
a solution of mercurous nitrate until it produces no further precipi¬ 
tation. If, on slowly adding the mercurous nitrate, the precipitate 
seems to be getting unduly large, indicating too great alkalinity, add 
nitric add drop by drop imtil an added drop of mercurous nitrate 
produces no doud. Heat to boiling, allow the predpitate to settle, 
then filter and wash with water containing mercurous nitrate. Dry 
the filter and contents and then ignite in a platinum crudhle imder a 
hood. Wdgh as WO3.» 
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The tungstic acid thus obtained ahnost always contains silica and 
possibly stannic oxide. It may be purified as described above (13). 

15. The Determination of Tungstic Acid in Low-grade Ores.*— 
Weigh 5 grams or more of the sample. Digest in a 4-inch porcelain 
diali with 20 cc. of a 25 per cent solution of sodium hydroxide (free 
from chloride) for thirty to forty-five minutes on a water-bath. Now 
dilute the mixture somewhat, add a little sodium peroxide to oxidize 
any decomposition products of sulphides, transfer to a 250-cc. measm- 
ing-flask and make up to the mark. After mixing, filter through a dry 
filter, reject a little of the first filtrate that runs through, and collect 
200 cc. of the remainder in a measuring-flask. Transfer this portion 
to a beaker, acidify with nitric add and then make alkaline with 
ammonia. Heat to boiling, filter and wash. Acidify the filtrate 
slightly with dilute nitric add, add mercurous nitrate solution (pre¬ 
pared as below) in excess, and then a few drops of dilute ammonia 
On warming and stirring, the predpitate settles readily. Filter, wash 
the predpitate with weak mercurous nitrate solution, and then ignite 
the predpitate and paper together in a wdghed porcelain crudble. 
A platimim crudble may be used if the ore is free from arsenic. 
Weigh as WO3. 

For assays of ores and tailings, the sample may be reduced to a 
suffident degree of fineness in a wedgwood mortar, but for concen¬ 
trates an agate mortar is necessarj'; fine powdering is essential. For 
decomposing charges containing not more than 0.4 gram of tungstic 
add, 20 cc. of a 25 per cent solution of sodium hydroxide will suffice. 
The decomposition is rapid; 04 gram of wolfram concentrates being 
decomposed in fifteen minutes to the extent of 98 per cent of the timg- 
sten content. As a rule, however, it is best to take from thirty to 
forty-five minutes for the decomposition. 

The mercurous nitrate solution may be conveniently prepared 
from mercuiy. Digest from 2 to 3 ozs. in a large beaker or flask for 
i| hours with 25 cc. of nitric acid (sp. gr. 1.4) and 75 cc. of water, 
on a hot plate which will keep the liquid nearly at the boiling-point. 
AUow to stand, hot. overnight. Dilute to about 400 cc., which will 
^ve a saturated solution with a minimum of free add. 

The weighed WO3 may be tested for silica, if desired, by treatment 
in platinum with hydrofluoric add. The loss is usually very slight. 

In the presence of scheeUte the method is not applicable, since this 
mineral is only partially attacked, under the conditions of the assay. 

*H. W. Hutchin and F. J. Touks, Inst. Min. and Met. Btdl., No. 56. 
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URANIUM AND VANADIUM 

Method i is a modification of Method 2. It is considerably 
shorter than the latter and apparently quite as accurate. 

I. Gravimetric Method for Uranium in Ores.—Take 0.5 gram of 
the finely ground ore, or more, according to richness. Treat by heat- 
ing gently in an 8-oz. “ copper flask " with nitric or hydrochloric acid, 
or both, as the nature of the ore appears to require. Unless there is 
much galena or iron oxide, use nitric acid, taking 10 ct. and adding also 
about 2 cc. of h^’drofluoric acid. With much galena or irun oxide it is 
best to start with 10 cc. or more of hydrochloric acid to get theae con¬ 
stituents into solution. Whenever hydrochloric acid is used, boil 
almost to dryness to expel most of it before continuing. To this 
residue add the nitric and hy'drofluoric acids as above. In any case, 
boil very gently to effect complete decomposition and then, finally, to 
approximate dryness. Allow to cool, add 3 cc. of nitric acid and 50 cc. 
of hot water, and heat to dissolve everything soluble. 

Now make slightly alkaline with ammonia, then just acid ufith 
nitric acid, and again alkaline with a little solid ammonium carbonate, 
followed by about 5 cc. of strong ammonia and 3-4 grams more of 
ammonium carbonate.^ 

Boil for about a minute and then filter, ha\’ing a wetted wad 
of absorbent cotton in the apex of the filter. Wash twice with hot 
water. Boil and concentrate the filtrate in a covered beaker during 
the next step. 

Dissolve the precipitate on the filter -with a little hot dilute nitric 
acid, recehdng the filtrate in the original flask. Again neutralize and 
precipitate as before, washing this second precipitate weU with hot 
water. Add the filtrate to the first one and continue the concentra¬ 
tion to 150-200 cc. Now acidify with nitric acid, and then, in case of 
doubt, add about i cc. of hydrogen peroxide. A reddish-brown color 
indicates vanadium. 
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A. Vanadium Present.—BoW to expel any remaining CO2, make 
just alkaline with ammonia, then just add with nitric acid, finally 
a HHin g about 4 cc. of the latter in excess. The appearance of the 
liquid is usually a sufifident indication of the neutralization points. 
Now add i gram of lead acetate crystals and then sufl&dent ammoni\im 
acetate solution (about 20 cc.) to neutralize the nitric acid and predp- 
itate the lead vanadate. Boil for about ten minutes, allow to settle 
somewhat and then filter through a double filter into a large beaker, 
returning the first portions if not perfectly clear. Wash weU with hot 
water.2 K the filtrate is bulky, boil down to perhaps 200-250 cc. 
Now add ammonia in marked excess and boil for about a minute to 
expel any CO2. Filter hot, pajing no attention to a turbid filtrate 
unless it is yellowish. (In such a case, w’ash the predpitate once with 
hot water, then addify the filtrate with nitric add and again predp¬ 
itate with ammonia as before and pour throu^ the first precipitate.) 
No washing required.^ 

Place the last beaker under the funnel and fill the latter with a 
strong hot solution of ammonium carbonate to which some free 
ammonia has been added. Usually one filling is suffident to dissolve 
all the uranium and leave a white residue of lead carbonate, perhaps 
slightly discolored by a trace of iron.* Wash with hot water, using a 
little more of the ammonium carbonate solution, if apparently neces- 
sar>'. Add to the filtrate suflident strong hydrogen sulphide water 
(ordinarily, 25 cc.) to predpitate all the remaining lead, or pass the 
gas for a short time. This also removes traces of iron. Heat to 
boiling, then allow to stand and settle. Filter, washing with hydro¬ 
gen sulphide water containing a little ammonium carbonate. Boil 
to expel the hydrogen sulphide, then addify with nitric add and boil 
off all CO2. Continue according to C. 

B. Vanadium Absent .—^Boil the nitric add solution suflfidently to 
^pel all CO2, then add ammonia in marked excess and boil a little 
longer to expel any CO2 in the ammonia. Filter the hot mixture, 
returning the first portions if not perfectly dear. No washing 
required. Dissolve the uranium on the filter with hot amm onium 
carbonate solution, as described in the last paragraph, and continue 
from this point as in the same dtuation above. Do not omit the 
hydrogen sulphide treatment, for, even in the absence of lead, there 
will usually be traces of iron to remove. Continue according 
toC. 
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C. Add ammonia in marked excess, boil well tor about a minute 
and then filter through an ashless filter, returning the first portions if 
not clear. No washing required. Ignite filter and precipitate thor¬ 
oughly in a porcelain crucible and weigh, after cooling, as UyOg. 
Impurities are usually present. 

Dissolve the residue in the crucible by warming with a little 
nitric acid. Dilute a little and test for vanadium with hydrogen 
peroxide. A slight brownish tinge may be neglected. Rinse the 
solution into a small beaker, add solid ammonium carbonate in excess, 
boil a minute or two and then filter through a small filter, washing 
with hot water. The residue on the filter may consist of alumina, iron 
oxide and other insoluble matter. Ignite filter and residue in the 
original crucible, weigh and deduct the weight from that of the impure 
UgOs pre\dously found 

Ammonium Acetate Solution ,—^Eighty cubic centimeters of strong 
ammonia, loo cc. of water and 70 cc. of 99 per cent glacial acetic acid. 

Note,—N yellow filtrate from the ammonium uranate indicates 
incomplete precipitation. This may be due to a deficiency in ammo¬ 
nium nitrate, as ammonium uranate is perceptibly soluble in pure 
water. Acidify the filtrate with nitric acid and re-precipitate with 
ammonia, filtering through the main precipitate; or. better, dissolve 
the precipitate on the filter with hot dilute nitric acid, so that the 
mixed filtrates will be markedly acid, and repeat the precipitation 
with ammonia. The filtrate should be colorless. 


^ The idea is to get the solution just faintly add and then make alkaline with 
ammonium carbonate instead of ammonia. Ammonia would cause a preapitation 
of ammonium uranate at the same time that the ferric hydroade came down. 
This wuuld result in a large occlusion of ammonium uranate and a ver\’ incom¬ 
plete re-solution by the ammonium carbonate subsequently added. If the final 
alkalinity is produced by ammonium carbonate instead of ammonia, the occlusion 
of the uranium is much less, and a repetition of the predpitation frees practically 
all the remaining uranium. 

* The vanadium should now be all removed and on the filter; but the pre- 
dpitated lead vanadate is very fine and a little is liable to run through at the outset. 
Be sure that the filtrate is perfectly dear. 

* The uranium is now on the filter as ammonium uranate. It may be mixed 
with more or less ferric and lead hydroxides, silica and alumina. These impurities 
could not all be washed out, and, as they will be mostly removed subsequently, 
washing is superfluous. A white turbid filtrate would be simply due to lead in the 
form of hydroxide or carbonate (getting CO2 from the air on exposure). 
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< Most of the lead hydroxide that remained with the ammonixun uranate remains 
on the filter as carbonate, while a little lead and all the uramum goes into the filtrate. 
This small amount of lead is easily removed by HsS. 


2. Gravimetric Method 2 for TJranium in Ores.—Treat i gram of 
the ore (or more if very low grade) in an 8-oz. flask with 10 cc. of 
strong hydrochloric acid and 5 cc. of strong nitric acid. Allow to 
simmer gently over a low heat xmtil solution is as complete as possible, 
and then boil to drjmess. This may be done by manipulating the 
flask in a holder over a free flame. Add 3 cc. of hydrochloric acid and 
5 cc. of water to the residue, warm for a short time, occasionally agi¬ 
tating, then dilute with 25 cc. of hot water and filter, washing with 
warm water. Receive the filtrate in a small beaker. 

3. Pass hydrogen sulphide into the liquid to separate copper, lead 
and other metals of this group, filter, wash with hydrogen sulphide 
w'ater, and boil the filtrate to expel the hydrogen sulphide. Concen¬ 
trate to 100 cc. if necessarj’, oxidize with hydrogen peroxide (usually 
10 cc.), and then neutralize with dry sodium carbonate, adding 2 or 
3 grams in excess. Boil the liquid for about fifteen minutes, or until 
the yellowish uranium precipitate dissolves, leaving a brown precip¬ 
itate which is largely iron. Filter and wash the iron precipitate once 
or twice with hot water, and reserve the filtrate. Dissolve the iron 
precipitate in the least possible amount of nitric acid (i : i), dilute 
somewhat if necessarj-, add 10 cc. of hydrogen peroxide and repeat 
the precipitation with sodium carbonate precisely as before. Filter 
into the beaker containing the first filtrate. Wash well with hot water. 

4. Evaporate the united filtrates from the iron precipitation to a 
volume of about 200 cc., add 10 cc. of strong nitric acid and boil imtil 
all CO2 is expelled. Xeutralize the free acid with ammonia (until a 
slight permanent precipitate appears), then add 4 cc. of nitric add for 
each 100 cc. of liquid. Now add 10 cc. of a 20 per cent lead acetate 
solution, and enough of a strong solution of ammonium acetate to 
neutralize the nitric add present and substitute acetic add for it. 
The object is to predpitate the vanadium as lead vanadate in an 
acetic add solution. The ammonium acetate solution may be made 
by m i x i ng 80 cc. of strong ammonia, 100 cc. of water, and 70 cc. of 
acetic add 99 per cent pure. 

5. Heat the liquid containing the lead vanadate predpitate on 
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the steam-bath for one hour or more, filter on a close filter and wash 
with warm water. Dissolve the precipitate in the least possible quan¬ 
tity of hot dilute nitric acid, neutralize as before, add s cc. of nitric 
acid in excess, then 2 cc, of lead acetate solution and repeat the 
precipitation of lead vanadate by adding ammonium acetate in 
e.xcess. Filter and add the filtrate to the one from the first precipi¬ 
tation of lead vanadate. Evaporate the united filtrates from the lead 
vanadate to about 400 cc. Add 10 cc. of strong sulphuric acid to 
separate the bulk of the lead (derived from the e.xcess of lead acetate' 
as PbS 04 , and filter, washing the precipitate with col.! v,-ater. Neu¬ 
tralize the filtrate from the PbS04 with ammonia and add freshly 
prepared iNBUlHS tmtil the solution is yellow and the uranium and 
what little lead is present are precipitated as sulphides. Warm the 
mixture gently until the sulphides settle well. Filter and wash slightly 
with warm water. 

6. Dissolve the precipitate in a Xo. 2 beaker v,-ith hot dilute 
(i .-2) nitric acid, add 5 cc. of strong sulphuric acid and evaporate 
until the latter is fuming. Cool, take up with water, boil, let the 
small precipitate of PbS04 settle until the liquid is cold, and then 
filter it off, washing 'nith very dilute sulphuric aeid i : 2c . 

7. Separation of Alumina .—Nearly neutralize the filtrate with 
ammonia. Have the solution cold 'not warmer than 30' C '. and 
add powdered ammonium carbonate in about 2 grams excess. This 
will precipitate the almninum and hold the uranium in solution. Let 
the precipitate settle, filter, and wash it with warm water. If the 
precipitate is bulky, or is at all yellow, dissolve it in a little dilute 
sulphuric acid and reprecipitate with ammonium carbonate as before. 

8. Acidify the filtrate, or combined filtrates, from the alumina 
■with sulphuric acid and boil to thoroughly expel COj. Make the 
liquid slightly alkaline with ammonia while it is hot, and heat gently 
until the ammonium uranate collects and settles. Filter and wash 
with a verj’ dilute solution (2 per cent', of ammonium nitrate. Do 
not allow the predpitate to run dry on the fiilter after the first washing. 
Dry the predpitate. ignite it in a porcelain crucible and weigh as 
UsOs. Dissolve the ignited residue in a little nitric add and test it 
with H2O2 for vanadium. Only a faint brownish tint should appear, 
at most. Rinse the solution into a small beaker and test for alumina 
with ammonium carbonate. Should an appredable amount be found 
it may be filtered off, ignited, weighed and deducted. 
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g. Volumetric Method for Uranium.—^Treat i gram of the ore 
(or more if verj’^ low grade) in an 8-oz. flask with lo cc. of strong 
hydrochloric acid and 5 cc. of strong nitric add. Allow to siimner 
gently over a low heat until solution is as complete as possible, and 
then boil to drjTiess. This may be done by manipulating the flask in a 
holder over a free flame. Add 3 cc. of hydrochloric add and 5 cc. 
of water to the residue and warm gently until solution is as complete 
as before. Now add 35 cc. water and pass in hydrogen sulphide to 
predpitate the members of that group. Filter, washi n g with hydrogen 
sulphide water at least seven times, recdving the filtrate in a fairly 
large beaker. Placing a boiling-rod (p. 8) in the liquid, cover the 
beaker and boil off the hydrogen sulphide. Remove from the heat 
and add 10 cc. of H2O2. Now add dry sodium carbonate in small 
portions until the free add is neutralized and then about 2 grams in 
excess. Boil the mixture until all CO2 is expelled and the predpitate, 
on standing, settles well. At this point add about 2 cc. more H2O2. 
Filter, washing once or twice with hot water, and reserve the filtrate, 
which may be allowed to boil and concentrate while waiting for the 
next step. Rinse the bulk of the predpitate from the filter back into 
the beaker, then place the latter imder the funnel and dissolve what 
predpitate remains on the filter with dilute (i : i) m'tric add, using as 
little as possible. Now wash the filter well with hot water, allowing 
aU to rtm into the beaker containing the predpitate. Warm the mix¬ 
ture until the predpitate dissolves, adding more add if necessary, 
then add H2O2 and predpitate with sodium carbonate precisely as 
before. Filter and wash the predpitate well with hot water. Add 
the filtrate to the first one, which has been concentrating, and boil the 
whole to a bulk of about 100 cc. Now remove from the heat (simply 
to prevent frothing over) and cautiously add 10 cc. of strong nitric 
add, and then boil again until all the CO2 is expelled. The solution 
must be clear and boiling hot for the next step. 

10. Separation of Vanadium .—^Place in a- large beaker about 15 
grams of ammonium acetate, 5 grams of microcosmic salt, 50 to 75 cc. 
of water, 5 cc. of glacial acetic add. Place a boiling-rod in the mix¬ 
ture and heat to rapid boiling. Have arranged over the beaker a 
funnel with the lower end drawn out so as to deliver only a fine stream. 
Pour the hot uranium solution through this into the boiling phosphate 
solution. Allow to boil a few nainutes after all has run throu^. 
Now remove the beaker from the heat, cover it and allow to stand until 
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the precipitate has settled well and then filter. Time will be saved by 
pouring as much as possible of the clear liquid through the filter 
before disturbing the precipitate. Wash the precipitate only once, 
using hot water. Xow rinse it back into the beaker, place the latter 
under the funnel and dissolve what remains on the filter with a little 
hot, dilute nitric acid. Six cubic centimeters of i : i add are usually 
suffident. Wash the filter well with hot water, receding all in the 
beaker containing the predpitate. Warm the mixture until the pre- 
dpitate dissolves and dilute to about 75 cc., if necessary*. Heat to 
boiling and repeat the phosphate precipitation precisely as before. 
The two operations will remove practically all the vanadium and leave 
the uranium and aluminum as phosphates. Filter as before and wash 
four or five times with hot water containing a little ammonium sul¬ 
phate. This is tedious if there is much aluminum present. Time 
is saved by stirring the predpitate in the apex of the filter with the 
jet each time. Use the same filter as before. 

11. Make a mixture, in a small beaker, of 5 cc. of strong sulphuric 
add and 15 cc. of water, and heat nearly to boiling. Place an S-oz. 
flask under the funnel and pour the hot acid mixture slowly over the 
predpitate on the fiilter. With care, it may thus be all dissolved, 
although the hot acid may be poured through again if necessarj-. 
Wash the filter well with hot water, but do not unduly increase the 
volume of liquid in the flask. This should not be allowed to much 
exceed 50 to 75 cc. Heat nearly to boiling and run in permanganate 
to a permanent deep pink color, to oxidize any organic matter present. 
Now add 10 grams of 20-mesh C. P. zinc and allow to stand until the 
action has become very slow, then add 25 cc. more water and 10 cc. 
more sulphuric add. WTien the zinc has nearly all dissolved, filter 
the solution through a fresh filter, washing the latter and residue well 
with cold water. Receive the filtrate in a 16-oz. flask. Dilute with 
cold water, if necessary, until the flask is about half full. 

12. Cool the solution to room temperature and titrate with 
the ordinary permanganate solution used for iron fp. 104) imtil 
a single drop produces a pink color that lasts several seconds. The 
end-point is very sharp, althou^ the color may soon fade, owing, 
possibly to traces of vanadium. Note the burette-reading and deduct 
the correction required for the iron in the 10 grams of zinc used, this 
having been determined by a blank test. As a rule, no further cor¬ 
rection is required, as any trace of vanadium present appears to be 
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acted on so slowly in tlie cold as not to seriously interfere with obtain¬ 
ing a sharp end-point. As a precaution, however, add i gram of 
sodium sulphite and boil the solution in the flask imtil all smell of SO2 
has gone, and then seven or eight minutes more. Add cold water to 
restore the original volume, cool to room temperature and titrate as 
before. Run the above zinc blank in the same way and find the cor¬ 
rection required for the combined iron and impurities in the sulphite. 
After deducting this from the last reading, the remainder, if any, may 
be credited to vanadium and deducted as a further correction from the 
uranium reading. 

13. 55.84 Fe = 140.43 UsOs, or 1 Fe = 2.515 UgOs- If the per¬ 
centage value of I cc. of the permanganate for iron, based on 0.5 
gram of ore taken, is given, this, multiplied by 1.257, will give the per¬ 
centage value of I cc. for UgOg, when i gram of uranium ore is taken. 

14. Method for Vanadium.* Treat i gram of the finely divided ore 
in a platinum dish with about 3 cc. of strong sulphuric acid and 20 cc. 
of hydrofluoric acid. Evaporate to fumes of sulphuric acid and then 
expel the latter by heating over a naked flame. Now add about 2 
grams of sodium carbonate, and fuse. Extract the melt with hot water 
and filter, washing with hot water. Acidify the filtrate with sulphuric 
acid, heat nearly to boiling and pass in hydrogen sulphide gas to sat¬ 
uration. Arsenic and molybdenum are precipitated, if present, and 
VgOs is reduced to V2O1. Filter, washing with hydrogen sulphide 
water. Boil the filtrate until the hydrogen sulphide is completely 
expelled and then titrate the hot solution with a standard solution of 
potassium permanganate fb the usual pink tinge (Iron, 8). Then 
again reduce by passing in sulphur dioxide gas, boil off the excess and 
repeat the titration. The latter result is apt to be a little lower than 
the former, and is to be taken as the correct one. The iron factor of 
the permanganate multiplied by 0.9135 will give the vanadium factor;^ 
care must be taken to use the absolute iron factor and not the per¬ 
centage factor based on 0.5 gram of ore being taken for analysis. 
Uranium does not interfere with this method, which is an excellent 
one where a single determination has to be made. 

15. The direct use of a solution of sulphur dioxide, or an alkali 
sulphite for reducing the vanadium is inadmissible unless these have 
been freshly prepared, or a blank is run, since they are liable to con- 

* Adapted from Hillebrand and Ransome, Am. Jour. Sci., x, also Hillebrand, Bulletin 
176, U. S. Geological Survey. 
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tain other oxidizable substances than SO^ or a sulphite. The SO2 
is best obtained as wanted by heating a flask containing a solution of 
SO2, or a sulphite to which sulphuric acid has been added. 

16. In case the volume of permanganate used is so small as to 
make the presence of vanadium doubtful, it is necessarj' to apply 
a qualitative test, which is best made as follows: The solution is 
evaporated and heated to expel the excess of sulphuric acid, the residue 
is taken up with 2 or 3 cc. of water and a few drops of dilute nitric 
acid and a couple of drops of HjO^ are added. A characteristic 
brownish tint indicates vanadium. Unless the greater part of the free 
sulphuric acid has been removed the appearance of the color is some¬ 
times not immediate and pronounced, hence the necessity for the 
above precaution. It is also necessar}’ that the nitric acid shall be in 
considerable excess, since in neutral or only faintly acid solution the 
color does not appear strongly. 

For determining very’ small amounts of vanadium in rock analysis 
the titrated liquid should be from 25 to ico cc. in bulk and the per¬ 
manganate solution verj’ dilute, i cc. = about 0.001 gram VjOs. The 
temperature for titration should be from 7o®-&o^ C. 


' WTien ferrous iron is oxidized to ferric, the change may be expressed as follows: 
2FeO-fO = FejOo Thus, ever>’ 2Fe=0 In the cat-e of vanadium, V. 04 -r 0 = 
VjOo Vj, then, -0 Thi^ makes Fej = Vj, or. Fe = V The relations by weight 
are in accordance with the atomic weights; 55 64 Fe = 51 \\ or, i Fe=0 9135 V. 


17. Volumetric Method for Camotite.*^—This mineral contains 
uranium and vanadium as potassium uranyl vanadate. 

Dissolve a sample of the ore that does not contain more than 
0.25 gram of UaOs in sulphuric add (i : 5} and evaporate to fumes 
of the add. Cool, dilute, add an excess of sodium carbonate and 
boil xmtil the precipitate settles wrelL Filter and w-ash with hot 
water. Dissolve the predpitate in the smallest possible amount 
of sulphuric acid (i 15), dilute, add an excess of sodium carbonate, 
boil, filter and wash. Acidify the combined filtrates and wash- 
waters with sulphuric acid. Add ammonium phosphate (0.5 gram is 
usually sufficient), heat to boiling and make alkaline with ammonia; 
boil for a few minutes, filter and wash with hot water containing a 
♦ A. N. Finn, Jour. Am. Chem. Soc., xxvm, 1443. 
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little ammonium sulphate, -vrliich prevents the finely divided particles 
of the precipitate from passing through the filter. 

18. The filtrate now contains the vanadium, and the precipitate 
the uranium. Acidify the filtrate with sulphuric acid, pass sulphur 
dioxide into it until it becomes blue, boil to expel the excess of sulphur 
dioxide and titrate Tvhile hot with standard potassium solution. The 
iron factor of the permanganate multiplied by 1.63 will give the VaOs 
factor, or, by 0.9135, the V factor.* 

19. Dissolve the ammonium uranyl phosphate in dilute sulphuric 
acid, add some granulated zinc and let the action continue vigorously 
for at least thirty minutes. Remove the undissolved zinc by filtering 
throu^ asbestos, using a suction pump. (These are Finn’s direc¬ 
tions; I would suggest a plug of absorbent cotton placed in the 
neck of a loop funnel, which will give sufficient suction, instead of the 
asbestos and suction pinnp.) Titrate the filtrate at about 60° C. 
with permanganate (twentieth-normal).* 

The iron factor of the permanganate solution multiplied by 2.516 
will give the UaOs factor, or, by 2.133 th® U factor.^ 

Note .—^The above method is given practically according to Finn’s 
description. I wotdd suggest that a source of error lies in the separa¬ 
tion of the vanadimn, which I have never found to be complete with a 
single precipitation of uranium as phosphate. It would be well, also, 
to run blanks with the permanganate and make the necessary deduc¬ 
tions. 


^ See note following 16 regarding the factor 0.9135. Vj: VsOs=0.9135: *, or, 
102:182=0.9135:*. * = 1.63. 

“U02-l-0=U0j; this gives U= 0 . 2Fe0-|-0=Fes0s; this gives 2Fe=0, and 
2Fe=U, or 111.68 Fe=238.2 U. This gives i Fe = a.i33 U. Similarly, 3Fej = 
UiO«, or, 332.04 Fe=842.6 UsOs. This gives 1 Fe = 2.516 UjOs* 


20. Method for Vanadium in Ores.t 
Special solutions required: 

A very dilute solution of potassium ferricyanide; about 50 mg. 
dissolved in 100 cc. of water. 

A 20 per cent solution of ferrous sulphate or ferrous aTHTnonhi'm 
sulphate. 

* I would advise naalrin g a Uank test and deducting the permanganate required, 
t Hiis is the method I ordinarily employ. 
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Procedure.—Weigh 0.5 gram (or i gram if of very low grade) of 
the finely ground ore into an 8-oz. flask. Add 5 grams of anhydrous 
sodium sulphate, 5-6 cc. of strong sulphuric acid and about as much 
hydrofluoric acid as can be held in an ordinar\’ platinum crucible cover. 
(The hydrofluoric acid is ad\Tsable, although not always necessary.; 
Heat over a strong free flame, with the flask in a holder, nearly to a 
melt. Allow to cool while distributing the mass around the sides of the 
flask. This prevents the solidifying cake from cracking the flask and 
also facilitates subsequent solution. It is best, but not necessary, to 
use a Pyrex flask. 

The above treatment will usually effect complete decomposition: 
but if it fails, try’ the addition of one-eighth of a 9-cm. filter paper at 
the outset. The organic matter must, of course, be entirelv burned 
off. 

21. When the flask is sufficiently cool, add 50 cc. of cold water and 
10 cc. of strong sulphuric acid, and boil to dissolve everything soluble. 
Now, add 5 cc. of syrupy phosphoric acid, and then, from a burette, 
run potassium permanganate solution into the hot liquid until a 
decided red color is obtained that persists after boiling again. Use the 
same petmanganage as ■nill be employed in the subsequent titration. 

Transfer the hot solution from the flask to a 400-cc. beaker and 
dilute to about 200 cc. with hot water. 

22. Have read}’ a spot plate and place a drop of the ferricyanide 
solution in each of the depressions. 

Using a small pipette, add the ferrous solution in small portions 
at a time, veiy’ cautiously, finally drop by drop, to the hot liquid in 
the beaker, testing after each addition, imtil a drop of the vanadium 
solution, taken up on a glass rod and allowed to fall on a ferricj’anide 
test, produces a blue color. 

The ferrous solution first decolorizes the permanganate, then 
reduces the V2O6 to V2O4, and when finally in slight excess, it shows a 
blue color with the ferricyanide. Try to avoid an uimecessary excess 
of the ferrous solution. The excess of ferrous salt must now be oxidized 
to ferric. Run the regular permanganate solution in from the burette 
until the ferricyanide test fails to develop a blue tinge after standing 
about half a minute. This should be done as carefully as in a regular 
titration, as faint tinges of color dev’elop slowly and should be waited 
for. Toward the last the permanganate should be added a drop at a 
time. 
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the permanganate, even though the test soon becomes blue. The 
point is a delicate one but not difficult to attain, and is very impor- 
tant.i 

23. Titrate the still hot liquid with standard potassium perman¬ 
ganate solution until a very faint pink tinge is obtained that persists 
for at least a minute, when it may change to brownish. 

With a permanganate solution containing 1.737 grams per liter, 
I cc. = I per cent V2O5 on the half-gram basis.^ This is a convenient 
strength for ordinary cases. Standardize it against about 0.125 gram 
of sodium oxalate (Sorensen’s salt). The percentage value of i cc. in 
sodium oxalate multiplied by 0.7612 will give the percentage value in 
V, or, multiplied by 1.358 will give the percentage value in V2O5. 
(0.125 gram = 25 per cent on the half-gram basis.)^ The perman¬ 
ganate ordinarily used for iron is rather strong for accurate work; its 
Fe value multiplied by i .63 will give the V2O5 value.'^ The percentage 
of V2O6 is ordinarily required. 


1 The reducing action of a ferrous solution on V2O5 appears to be sufficiently 
reversible to cause a blue tinge to show, in a short time, in a test that was at first 
colorless. The V2O4 that has been formed becomes slightly oxidized again to 
V2O5. reducing a corresponding amount of the ferric salt to ferrous. This occurs 
in a test that was at first just colorless, soon causing it to show a blue tinge. This 
slight reversing action which is simultaneously occurring in the main solution has 
no effect on the titration, the oxidation of the V2O4 being just balanced by the fer¬ 
rous iron produced. 

2 2 K]Mn04, or, RO ^In207, has $ oxygen atoms available for oxidation in this 
reaction, the MnoOr being reduced to Mn202. 2 KMn04, then, may be considered 
to = 06 . The oxidation of the vanadium is in accordance with V204+0=V206. 
This gives V2O5 = 0 . Then, 2 KMn04“Os = 5 VoOs, or 316.06 parts by weight of 
T3In04=9io parts of V2O5. One per cent of 05 gram is 0.005 gram. The 
amount of OIn 04 corresponding to this weight of V2O5 is found by the proportion 
316.06 : 910=jc : 0.005. a:=o.ooi737. This is the amount of KMn 04 , in grams 
required to be in i cc. to equal i per cent of V2O6. This gives 1.737 grams per liter. 

* One molecule of sodium oxalate, C 204 Na 2 , requires i atom of oxygen for its 
oxidation in the titration. V2O4 also requires i oxygen atom; consequently, 
C204Na2 = V2O1 or V2O5 or Va. That is, 134.01 parts by weight of sodium oxalate 
=182 parts by \\Oi or 102 parts of V. This gives i part of sodium oxalate=1.358 
parts of VaOs or 0.7612 part of V. 

^2Fe0+0=Fe203, therefore, 2Fe=0. V2G4+0=V206, therefore V 204 * 

0=V206. This gives 2Fe=V20i, or, 111.68 parts by weight of Fe = i82 parts of 
VAs that is, I part of Fe=i.63 parts of V*06. 
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24. Vanadium by Hydrochloric Acid Method of Reduction.*— 
Weigh 1-5 grains of the finely ground ore into a i6-oz. flask. Add 
30 cc. of I : I sulphuric acid and boil to fumes. The insoluble gungue 
is liable to make the mixture bump badly. Use a boiling rod, agitate 
the flask frequently, and. if necessarj', run dovm by hand. Maintain 
at fuming point for ten minutes. Allow to cool and then dilute to 
about 75 cc. If the bumping was bad, filter at this point and then 
return liquid to flask. Heat somewhat, and add sufficient powdered 
potassium permanganate to produce a strong pink color that persists 
on boiling. This destroys any organic matter. 

25. Cool slightly and add 50 cc. of strong hydrochloric add. Boil 
gently, nearly to fumes. About 15 cc. of strong sulphuric add should 
still be present to keep all salts in solution. Again cool sufiidently and 
add 25 cc. more of hydrochloric add. Boil nearly to fumes once more 
and note the color, which, in the absence of mucli iron, should be pure 
blue. If greenish funless much iron is present , repeat the boiling 
with more hydrochloric add until blue. Organic matter, unless pre¬ 
viously destroyed, would make trouble here. 

26. Finally, continue the boiling to strong fumes. Fume about a 
minute and then allow to cool completely. Dilute to about 200 cc. 
with cold water, heat nearly to boiling and titrate to the usual pink 
tinge with standard potassium permanganate solution. 

The calculation is the same as described in 23; note, however, 
that the percentage factor for iron, with permanganate standardizec 
on the 0.5 gram basis, should not be used, unless in this case c.5 gram 
was also taken for analysis. Calculate from the absolute factor foi 
iron. 

Note .—^The crux of this method is, of course, the reduction of V2O* 
to V2O4 by boiling with hydrochloric add. This appears to depend 
upon the reaction 

VsOi-l-zHCl ^ V 204 +H 20 - 1 - 2 C 1 . 

The free chlorine naturally makes the reaction easily revemible. 
Some of the chlorine reacts to oxidize the V3O4 again and some is lost 
by volatilization. Owing to this loss of chlorine, the amount of reduc¬ 
tion gradually increases by the continued action of more hydrochloric 
add until it is practically complete. This is why so much hydrochloric 
add and sudi long boiling are required. 

* Ledoux & Co, 
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1. The following method, developed by the writer, for the technical 
estimation of zinc in ores, etc., is of general but not of universal appli¬ 
cation. Ordinarily, however, almost the only source of trouble likely 
to be encountered is the preliminary decomposition of the ore. The 
method as described is applicable to the usual run of mixed sulphide 
ores and many oxidized ores. When the decomposition fails or is 
doubtful, the operator must note the fact and apply the proper rem¬ 
edy. Some observ^ations on this and related matters are given below. 

2. Author’s Method.—Prepare a solution of potassium ferro- 
cyanide containing 21.54 grams of the crystallized salt to the liter 
Standardize this solution as follow's: Weigh carefully about 0.2 gram 
of pure zinc into an 8-oz. flask and add 10 cc. of strong hydrochloric 
acid (sp. gr. 1.20). When the zinc has dissolved, dilute with about 
25 cc. of water, add a few drops of litmus solution as an indicator, and 
make slightly alkaline with ammonia. Again acidify slightly with 
hydrochloric add and then add 3 cc. of the strong acid in excess. 
Dilute no'w to about 300 cc. with hot water and heat nearly to boiling. 
Titrate with the ferroc}’'anide solution as follows: Pour about two- 
thirds of the zinc solution from the flask into a 400-cc. beaker. Rxm 
the ferrocj'anide solution from the burette into this portion, a few 
cubic centimeters at a time, until a drop, when removed and tested 
on a porcelain plate with a drop of a 15 per cent solution of uranium 
nitrate, shows a brown tinge. Now add more of the zinc solution from 
the flhsk and continue the titration more cautiously until the end-point 
is again passed. Proceed thus, adding more of the reserved portion in 
such amounts as may appear advisable, passing the end-point each 
‘dme with greater caution. Finally, add the last of the reserved por- 
'tion, and then, to save rinsing out the flask, pour a large part of the 
solution back into it again and then empty it once more into the 
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beaker. From this point finish the titration verj' carefully, ordinarily 
by testing after each addition of two drops. The reaction is sharper 
if, instead of a single drop of the zinc solution a quantity equivalent 
to several drops be taken for the test. If this is done only near the end 
of the titration the amount of zinc lost thereby will be insignificant. 
A convenient way of making the test is to use a small pipette and 
place one or two drops of the uranium solution in each depression of 
the test-plate at the outset. By using a glass tube instead of a rod 
for a stirrer, any desired quantity of the solution can be quickly re¬ 
moved for a test. WTien the final brown tinge is obtained, note 
the reading of the burette, and then wait a minute or two and ob- 
ser\"e if one or more of the preceding tests do not also develop a color. 
The end-point is always passed by a test or two and the burette 
reading must be corrected accordingly. Deduct for as many tests as 
show a color and for i drop additional, since 2 drops are required 
to show a test when no zinc is present One cubic centimeter 
of the standard solution will equal about 0.005 gram of zinc, or 
in the case of ores, about i per cent, when 0.5 gram is taken for 
assay. 

3. Regular Method for Ores.—modification of the method of 
decomposition described below is sometimes necessar}'. Some ores 
require a more or less prolonged treatment with hydrochloric acid, 
to insure complete decomposition of oxides, before adding nitric acid. 
Ores that gelatinize should be mixed with a little water before any 
acid is added, and then the acid should be added while the flask is being 
agitated, to prevent setting or caking. This is to be followed by 
occasional agitation during decomposition. Other cases will be 
referred to later. 

Weigh 0.5 gram of the ore into a 500-cc. Erlenmeyer flask. Add 
5 cc. of strong hydrochloric add and 10 cc. of strong nitric acid. It is 
highly advantageous, in many cases, to also add about 2 cc. of hydro¬ 
fluoric add—as much as can be held in the hollow of an ordinary 
pla tinum cTudble cover. This tends to prevent any possible trouble 
from gelatinous silica. One must be certain, however, when this add 
is used, that the material of the flask contains no zinc. On this account 
I advise the use of Pyrex flasks, which are free from zinc. 

Boil gently ^mt^l only a few cubic centimeters of liquid ranain, 
but aideavor not to take to dryness. Remove from the heat and add 
15 cc. of strong nitric add and 5 grams (usually measured, after trial, 
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in a sTnall crudble) of potassium chlorate. (Mallinckrodt’s “ Pure 
Granular ” is convenient for measuring.) 

Replace the flask over a gentle heat and run just to dryness. If 
the mixture shows a tendency to “ bump,” use a small watch-glass 
cover, raised slightly on one side with a bit of bent glass tubing, to 
allow escape of vapors, removing it again when the danger has passed. 
Hard dryness is unnecessary' except when gelatinous silica is present, 
and even in this case there should be no overheating or fusing of the 
salts. With other ores it is sufficient to run just to dryness and 
remove at once from the heat. 

It is ordinarily more satisfactory, toward the end of the evapora¬ 
tion, to grasp the flask in a holder and manipulate it over a free flame, 
by turning and twisting, so as to heat every part of the flask, until 
complete drynesis is attained. 

4. As soon as the flask is sufficiently cool, add 35 cc. of a prepared 
ammoniacal solution and heat to boiling. This solution is made by 
dissohing 200 grams of commercial ammonium chloride in a mixture of 
500 cc. of strong ammonia (sp. gr. 0.90) and 750 cc. of vrater. 

Boil the contents of the flask very gently for a minute or two, or 
until disintegration of the residue is complete (avoiding hard boiling 
and loss of ammonia), and then add saturated bromine water and con¬ 
tinue the boiling for a short time. 

The amount of bromine water to add depends upon the quantity 
of manganese apparently present, as indicated by the deep brown 
color of the dry' residue. AH the manganese is originally precipitated 
by the mixture of nitric acid and potassium chlorate, but on evap¬ 
orating to dryness, some of the manganese is again reduced to the pro¬ 
toxide form and becomes more or less soluble. With ores showing little 
or no manganese, 10 cc. of saturated bromine water are sufficient, 
and 25 cc. will usually suffice in any case. 

5. Filter the hot solution through an ii-cm. filter into a 400-cc. 
beaker. I have found that in most cases the liquid runs through much 
more rapidly' if a small wad of absorbait cotton is first placed in the 
apex of the filter and wetted. 

■Waffi out the flask with hot water. A di^t adhering residue may 
be disregarded; a larger residue that cannot be removed with a rubber- 
tipped rod may be treated as follows: Add 2 or 3 cc. of strong hydro¬ 
chloric add to dissolve it, and then, without dilu ting the solution, add 
5 cc., or an excess, of strong ammonia, and rinse into the filter. Any 
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traces of manganese not precipitated by the ammonia are usually 
negligible. 

Wash the residue on the filter tea times with a nearly boiling 
ammonium chloride mixture, which is best contained in a wash-bottle 
of the tj-pe described on page 8, but a small beaker -B-ill ser%'e. To 
make the ammonium chloride mixture, dissolve too grams of com¬ 
mercial ammonium chloride in water, add 50 cc. of strong arnmnnia. 
and dilute to i liter. 

6. Add a little litmus solution to the filtrate as an indicator, and 
then cautiously neutralize with strong hydrochloric acid. Be ver>' 
particular with the neutralization and then add 3 cc. of hydrochloric 
add in excess. When there is sufiicient copper present to act as an 
indicator, the litmus maj' be dispensed with. 

Dilute the liquid, if necessarj’. to about 250 cc.. with hot water, 
heat nearly to boiling and then add 50 cc. of saturated hydrogen sul¬ 
phide water. The mixture is now ready for titration. If the final 
bulk of the liquid happens to be considerably larger than prescribed 
it w’ill have no material influence on the zinc result. 

Pour about one-third of the hot liquid into a beaker as a reserve 
and conduct the titration as described for the standardization of the 
ferroc>’anide, adding portions of the resers'e as the end-point is suc¬ 
cessively passed. 

In correcting for the final reading of the burette, it is usually suf¬ 
ficient to deduct for as many tests as show a brown tinge and one drop 
additional. This is shown by running a blank test, adding the ferro- 
cj-anide, one drop at a time, and making a test after each drop. In 
the course of a minute a brown tinge will show in all the tests except 
the first. The usual total correction is 0.25 cc. 

Multiply the number of cubic centimeters used by the percentage 
value of I cc. to obtain the per cent of zinc in the ore. 

7. Ordinarily, any sulphides precipitated by the hydrogen sulphide 
water need not be filtered off, as the discoloration produced by even 
10 per cent of copper, for instance, does not too badly mask the uran¬ 
ium test. With a large amount of copper present the procedure may 
be as follows: After adding an excess of 3 cc. of strong hydrochloric 
acid to the filtrate and diluting it to about 200 cc. with hot water, pass 
in hydrogen sulphide gas to saturation. Filter through an ii-cm. 
filter and wash the precipitate thorou^y writh hot water. If a little 
copper oxidizes and runs into the filtrate it will do no harm, as it is 
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immediately re-predpitated as sulphide. Heat the filtrate, which 
should have a final volume of about 250 cc., nearly to boiling, and 
titrate as usual. 

8. Notes.—ff. It is not suffident to wash the residue of ferric 
hydroxide, etc., simply with hot water. An appreciable amount of 
zinc is likely to be retained unless the residue is thoroughly washed 
with the hot ammoniacal solution prescribed. A direct test with a 
40 per cent zinc ore showed a retention of 1.27 per cent, which was 
afterward easily washed out with the ammoniacal solution. 

b. The use of granulated test lead as a predpitant for copper is not 
recommended. Lead acts more slowly than hydrogen sulphide, some¬ 
times fails to entirely remove the copper, and, unless the precaution 
of a spedal procedure be adopted, will always produce a solution with 
an unknown and variable degree of addity, thus influencing the end¬ 
point. For a method using test lead see ii. 

c. Metallic aluminum appears to be entirely unsuitable for pre- 
dpitating the copper, unless the aluminum which goes into solution 
is subsequently removed. Aluminum salts affect the titration and 
produce incorrect results. In carefully conducted experiments I have 
always found this to be the case, under my usual working conditions. 

d. Even when the zinc contents of a solution are approximately 
known, it is not advisable, in the titration, to omit working with a 
resenre portion and proceeding in the regular manner. The reaction 
between the ferrocyanide and the zinc may be varied, at least tem¬ 
porarily, by varying the conditions, and a false end-point may be 
obtained by working too rapidly. A false end-point may be recog¬ 
nized by noting that the addition of a few more drops of ferrocyanide 
does not increase the intensity of the test. By continuing to add 
ferrocyanide, the color of the test wiU finally disappear, and will 
then return only when the true end-point is reached. 

e. Cadmium is not completely precipitated by hydrogen sulphide 
from a hydrochloric acid solution containing considerable alkali 
chbride. In the regular method (and h'kewise the alternate and test- 
lead methods), therefore, cadmimn is to a greater or less extent 
counted as zmc,^ small amounts not being precipitated at all by the 
hydrogai sulphide. 

/. Arsenic, when present in large amoimt, may make trouble by 
retaining iron in the ammoniacal solution filtered from the residue. 
No attention need be paid to arsenic unless its presence in excess is 
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thus indicated. In such a case begin anew and give the ore the fol¬ 
lowing preliminary treatment: Dissolve the ore in the usual way, but 
use an S-oz. copper flask instead of an Erlenmeyer. Boil the solution 
nearly to drjmess, then add lo cc. of strong hydrochloric acid and boil 
until it is half gone ('to expel nitric acid . Xow' add about 4 cc. of a 
solution of I gram of sulphur in 5 cc. of bromine and boil gently for a 
few moments. Then add 4 cc. of strong sulphuric acid and boil, by 
manipulating the flask over a free flame, until it L nearly all driven off. 
The arsenic will thus be sufiiciently expelled. Cool, add ic grams of 
ammonium chloride and 20 cc. of water and finish the assay as de¬ 
scribed in 9. 

g. The opinion seems to be very common that gelatinous silica, 
unless well dehydrated, is liable to combine with and retain some of 
the zinc on the addition of the ammoniacal extraction solution. ^My 
own experiments have invariably indicated that this is not the case, 
A large amount of gelatinous silica may hold some zinc mechanically 
and thus render its complete extraction and the thorough washing of 
the residue more difficult. The partial dehydration obtained by fol¬ 
lowing the regular method is usually quite sufficient to overcome this 
trouble. WTien hydrofluoric acid has been used in the decomposition 
of the ore no appreciable amount of gelatinous silica is likely to be 
found. _ 

^ Zinc is precipitated by potassium ferrocv^anide from add solutions, not as a 
straight zinc ferrocyamde, but as a zinc potassium ferroc\ anide, the formula of 
which may be expressed as follows: KjZnFetCN.t, ZnjFei^CN The formula of 
potassium ferrocyanide is K4Fe(CN)6, and an inspection of the previous formiLi 
shows that 2 molecules of pota&sium ferrocyanide are required to precipitate 3 
atoms of zinc. The formula of the oystaliized potasslunl ferrocyanide is 
K4Fe(CN)6+3H20, and the molecular weight is 422.366. Two mol =844.732. 
Three atoms of Zn = 196 11. One per cent of zinc, on the basis of o 5 gram of ore 
taken for analysis, =0.005 gram. The amoimt of cr>'staliized ferrocyamde re¬ 
quired to be in I cc in order that i cc. = i per cent of Zn, ma3’ now be found from 
the following proportion: 844.732 :196.11 : 0.005. JS=0.02154. This is 

21.54 grains per liter. 


9. Alternate Method,—have observed that in the presence of a 
large excess of ammonium chloride, ammonia will precipitate iron 
entirely free from zinc. This fact may be applied to the assay of an 
ore as follows: 

Treat 0,5 gram in an 8-oz. copper fladc with 5 cc, of strong hydro- 
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chloric acid and lo cc. of strong nitric acid and boil to pastiness. The 
final use of 5 cc. of strong sulphuric acid is advisable if gelatinous silica 
separates. In this case boil until the sulphuric add is nearly gone— 
best by manipulating the flask over a free flame. Cool suflhdently, 
add lo grams of ammonium chloride and 20 cc. of water and boil the 
mixture to effect solution of everjihing soluble. If basic salts remain, 
add a few drops of hydrochloric add to dissolve them. When the 
solution is clear, remove from the heat, add strong a mm onia, water in 
about 5 cc. excess, then 20 cc. of saturated bromine water and boil for a 
few minutes. If the blackish-brown color of the precipitate indicates 
much manganese, add more bromine water to insure its complete 
precipitation, and again boil. In doubtful cases test the filtrate with 
bromine water. Filter and finish as in the regular method (6). 

10. Particular pains must be taken to remove all manganese 
with the bromine water, since none is separated during the decompo¬ 
sition, as in the regular method. When the amount of manganese 
present is in excess of a few per cent it is not safe to predpitate it with 
bromine, since it is liable to cany^ down an appredable quantity of zinc 
as manganite (MAiIG. 4 ^^:sE, 13). In such a case I should not advise 
the use of the alternate method. 

11. Method Using Test-lead to Precipitate Copper.*—^Begin as 
in the regular method, (3). Use hydrogen peroxide (6 cc. or more) 
instead of bromine water to predpitate the manganese. (Bromine 
and its compoimds are more difficult to subsequently remove.) Boil 
for several minutes to expel the excess of peroxide. Filter and wash 
as usual. Make the filtrate very slightly add with hydrochloric add, 
using methyl orange as indicator. Add about 20 grams of granulated 
test-lead, cover the beaker, and boil until all the copper is predpitated, 
i.e., until the solution has become perfectly colorless and then a little 
longer. Dilute with hot water to about 250 cc., add 3 cc. of strong 
hydrodiloric add and i cc. of a 50 per cent solution of sodium thio¬ 
sulphate, and titrate as usual at an initial temperature of about 
85° C., u sing the uranium indicator and making the proper deductions 
as in the regular method. 

To standardize the ferrocyanide solution, dissolve about 0.200 
gram of zinc in 10 cc. of i : 2 hydrochloric add, add 7 grams of ammo¬ 
nium chloride, make alkaline with ammonia and then readdify 

* Method used by Mr. Chas. S. Curtis, U. S. Assayer, in the U. S. Customs Assay 
Office, Kansas City, Mo. 
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slightly with hydrochloric acid, using methyl orange as indicator. 
Add 3 grams of test-lead, heat to boiling, dilute to about 250 cc. with 
hot water, add 3 cc. of strong hydrochloric acid and i cc. of a 50 per 
cent solution of sodium thiosulphate and titrate as just described. 

12. Treatment of Refractory Ores, etc.—^No exact line of treat¬ 
ment can be prescribed for this class of material. The following will 
usually sufl 5 .ce: Begin according to the regular method (3). As soon 
as decomposition is as complete as possible, dilute somewhat and 
filter from the insoluble residue, washing the latter with hot water. 
Receive the filtrate in an 8-oz. Erlenmeyer flask and allow it to con¬ 
centrate considerably while treating the residue. If the residue is 
likely to contain lead, wash it next with the hot sodium acetate 
solution used in the lead assay (Lead, 1), and then thoroughly with 
hot water to remove the sodium acetate, rejecting these filtrates. 
Ignite the washed residue at a low temperature in a platinum dish to 
remove the filter paper. Cool, add equal parts of strong hydrochloric 
and hydrofluoric acids, and digest on a water-bath until solution is 
complete, adding more acids if necessaiy’. Finally, evaporate to 
small bulk and then add more hydrochloric acid and evaporate again 
to small bulk to remove most of the hydrofluoric acid. Wash this 
solution into the main portion which is concentrating. Boil the com¬ 
bined solutions to small bulk, add 10 cc. of strong nitric acid and boil 
nearly to dryness. Now add 12 cc. of strong nitric acid and 5 grams of 
potassium chlorate and continue as in the regular method. 

Sometimes the ore or other material may be treated at the outset 
with hydrochloric and hydrofluoric acids, in platinum, as just described 
for the residue. 

The washed insoluble residue may also be fused with alkali car¬ 
bonate, either alone or mixed with borax glass, the melt disintegrated 
with water, and the mixture transferred to the flask containing the 
main solution, finishing as above. 

13. Modification to Avoid Cadmium.—^If it be desired to avoid the 
influence of cadmium, the following method may be adopted: 

Begin by either the regular or the alternate method, and proceed 
as usual imtil the filtered ammoniacal solution is obtained. To this 
filtrate add about 3 grams of potassium cyanide, allow to dissolve 
and then add 10-15 cc. of strong hydrogen sulphide water. A suflB.- 
cient quantity to precipitate any possible cadmium or lead is all that 
is necessary. Stir the mixture to make sure of the solution of zinc 
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sulphide, and then allow to stand a short tune for the cadmium sul¬ 
phide to separate and settle. Copper and zinc go into solution while 
cadmium and lead sulphides are precipitated. Without, at the out¬ 
set, unduly disturbing the predpitate, which is likely to dog the filter, 
filter through an ii-cm. filter into a 400-cc. beaker. Re-filter the 
first portions if not clear. Wash out the beaker with cold water and 
then wash filter and predpitate thorou^ly with a cold 2 per cent 
solution of potassium cj’-anide. 

Remove the filtrate to a hood, drop in a piece of litmus paper and 
addify with strong hydrochloric add in about 5 cc. excess. Add 
about a gram of potassium chlorate, cover the beaker and boil until 
the hydrocj'anic add is expelled and the mixture has darified. Finally 
remove from the heat, add a little litmus solution, neutralize with 
ammonia, and then readdify with 3 cc. excess of hydrochloric add. 
Have the volume of the solution about 200^250 cc. 

To the nearly boiling liquid add 50 cc. of strong hydrogen water 
and titrate as usual. 

Ordinarily, the very small amounts of cadmium in zinc ores may 
be counted as zinc, but the occasion sometimes arises where a sepa¬ 
ration is required. 

14. Waring’s Zinc Method.—^This method depends upon the sepa¬ 
ration of the zinc from manganese, iron, and aluminum by means of 
hydrogen sulphide, under slight pressure, in a solution very slightly 
addified by formic add, the metals of the copper group having been 
previously separated by metallic iron or aluminum with simultaneous 
reduction of ferric salts. The operations are: 

(i) Solution .—^The calamine, willimite, franklinite, blende, and 
other soluble minerals, or ores containing them, are decomposed by 
hydrochloric add or aqua regia, with subsequent treatment and evap¬ 
oration with an excess of hydrochloric or sulphuric acid to thoroughly 
eliminate nitrous compoimds. If zinc spinels or aluminates are pres¬ 
ent, the insoluble residue must be fused ■with a mixture of sodium 
carbonate and borax glass, the fused mass dissolved and the solution 
added to the main one. If much silica is present, spinels are decom¬ 
posed by fusion with sodium carbonate in a platinum crudble, any 
lead sulphate present havii^ been extracted by ammonium acetate. 
In the absence of silica or boric add, the spinels cannot be decom¬ 
posed by fusion with sodium carbonate alone. In such a case they can 
be decomposed by prolonged fusion with an alkali bisulphate. Sil- 
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icates, such as cinders from oxide furnaces, unchilled slags, and some 
natural silicates undecomposable by adds, must be fluxed or sintered 
with sodium carbonate before treatment with hydrochloric add. 
It is not necessary, in any case, to evaporate to diyness to separate 
silica—it can be filtered off in the gelatinous state. This can be done 
very rapidly, after dilution with water, when the gelatinization has 
reached a maximum and before dehydration has begun. The gelat¬ 
inous silica at this stage will not retain any traces of metals after 
a few washings. 

(2) Reduction .—^To avoid the effects of reactions like 

2FeCl3-t-H2S -r 2FeCl2-f2HCl+S, 

and at the same time to remove copper, silver, and bismuth before 
precipitating with hydrogen sulphide, the filtered solution, made 
fairly add with hydrochloric or sulphuric add, is boiled for fifteen or 
twenty minutes with a strip of clean sheet iron or steel. By this 
treatment all the metals likely to be precipitated with zinc as sulphides 
are separated, except cadmium, which is not in the least degree reduced 
by metallic iron. 

Mr. G. C. Stone has suggested the use of metallic aluminum for 
the reduction. This has the advantage of separating cadmium and 
lead along with the other metals of the copper group, since both are 
completely predpitated by aluminum from a rather strongly acid 
boihng solution of sulphates or chlorides, so that when zinc only is to 
be determined, the subsequent operations are verj' much shortened. 

Reduction may also be effected by means of sodium sulphite 
or thiosulphate, when copper, or copper and aluminum are to be 
determined from the same wdghed portion. 

The reduction is followed by filtration, the filtrate being received 
in a flask of about 300-cc. capadty. 

(3) Neuiralizaiion .—Add to the filtrates a drop of methyl orange, 
then run in, from a pipette, a rather dilute solution of sodium hydroxide, 
meanwhile constantly agitating the contents of the fladc with a swirling 
motion, until the pink color bardy, but permanently, changes to a li^t 
yellowish tint, and the doudiness, due to the separation of hydroxides, 
fails to dear up entirdy. Then add, drop by drop, enough 50 per 
cent formic add (sp. gr. 1.12) to just restore the permanent pink color, 
and add up to half a cubic centimeter additional. Dilute the solution 
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to 200 or 250 cc. (or so tkit it will contain not more than 0.15 
to 0.20 gram of metallic zinc in 100 cc.) and heat to about 80°. 

(4) Precipitation—A. rubber stopper, through which passes the 
deliverj’-tube from a source of supply of hydrogen sulphide,* is 
loosely placed in the neck of the flask and a moderately rapid stream 
of gas allowed to pass through the hot liquid. When the precipitation 

of zinc sulphide is well under way, 
the stopper is pushed in tightly. 
Absorption of the gas ceases when 
all the zinc is precipitated; the 
precipitate settles quickly, and the 
gas pressure rises rapidly when the 
operation is completed. When 
several precipitations are to be 
made at the same time, the flasks 
are arranged in succession in 
the usual manner and the first 
is removed when the precipita¬ 
tion is well started in the third, 
and so on, changing the gas 
coimections as required. The 
outlet from the last flask is not closed imtil the precipitation is 
partially completed therein. Numerous experiments have shown that 
zinc can be completely precipitated and separated from iron, man¬ 
ganese, and alumina imder the conditions named, by the passage of 
only a very little more than the amount of hydrogen sulphide theoret¬ 
ically required. The use of a large excess is therefore unnecessary and 
is also undesirable. 

(5) Treatment of the Precipitate .—^When the preceding operations 
have been properly performed, the precipitated zinc sulphide wiH be 
pure white, pulverulent, and very easily filtered and washed. Hot 
water only need be used for washing, no zinc will dissolve or pass 
through the filter, as is the case with the slimy zinc hydrosulphide 
precipitated from cold solutions in the usual manner. Pour the con¬ 
tents of the flask upon a filter at once and wash with hot water. 
Spread the filter with its contents upon a large watch-glass or on the 

* Hie apparatus used by Waring is shown in Rg. 20. It is adapted from that of C. A. 
Brewer. The lower end of sq>aratory-fuimel is somewhat contracted and extends to 
bottom of coarse shot upon which rests the FeS. 
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inner wall of a capacious beaker, and wash the precipitate into the 
bottom of the beaker by a jet of hot water. Wash the precipitating- 
flask and the lower end of the gas deliverj’-tube with lo cc. of strong 
hydrochloric acid, followed by hot w'ater, pouring the acid and wadi- 
ings successively over the washed filter on to the precipitate in the 
beaker. When the volume of the add solution has reached 125 to 
130 cc., the solution is warmed gently to dissolve the zinc sulphide 
completely. 

When cadmium is also present (i.e., when the reduction has been 
effected by metallic iron), the zinc sulphide will dissolve completely 
before any cadmium sulphide is dissolved. By practice and experience, 
the point when all the zinc is dissolved and only the brilliant yellow 
cadmium sulphide remains, can easily be distinguished. The solution 
is then further diluted with an equal volume of hydrogen sulphide 
water, allowed to settle and the cadmium sulphide filtered off and 
estimated in the usual way by wanning wnth acid ferric sulphate and 
titrating with permanganate. The iron equivalent of the perman¬ 
ganate used, multiplied by 1.006, equals the cadmium. WTien the 
determination is properly performed, the result is accurate * (Waring). 

The solution of zinc sulphide in dilute hydrochloric acid is heated 
to 60° or more and made up to 200 or 250 cc. with hot water; a little 
ammonium chloride is added, and it is ready for titration with ferro- 
cyanide (see 6). 

Note .—The solution at this stage contains in the neighborhood 
of 10 cc. of strong hydrochloric acid. I would advise reducing the 
the excess to 3 cc. After the ZnS has been dissolved, as above, boil 
off the H2S, add litmus solution, make slightly alkaline with am¬ 
monia and then reacidify with hydrochloric add in 3 cc. excess. 
Now dilute, heat and titrate as in 6. A. H. L. 

The method of separating zinc by hydrogen sulphide from nickel, 
cobalt, and manganese, recommended by Fresenius,t is not applicable 
when iron is present, as iron is thrown down by hydrogen sulphide in 
the presence of sodium acetate. 

* Treadwdl says (Anal. Chem., Hall, ad Ed., II, p. 167): “It is not possible to pie- 
dpitate pure cadmium siilphide from add solutions by means of hydrogen sulphide; the 
predpitate is always contaminated with a bade salt (CdiChS—CdiS04S, etc.), whether 
the predpitation takes place in cold or hot solutions, whether imder atmospheric pressure 
or under increased pressure (in a pressure-flask), and in fact the amount of bade salt 
formed increases with the amount of free add present.” 

t American edition, sec. 160, paragraphs 74 and 75. 
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15. Modificatiou. For Low-grade Zinc Ores, Slags, Furnace 
Residues, etc., and for all purposes wherein it is required to determine 
small amounts of zinc accurately. 

Proceed exactly according to the method Just described until the 
zinc sulphide precipitate has been washed; then, instead of dissolving 
the precipitate, dry and ignite it carefully in a clean muffle without 
separating it from the paper. No loss of zinc will occur, nor will basic 
sulphate be formed, if the wet precipitate is ignited at the mouth of 
the muffle until the paper is consumed, and the oxidation of the 
residue is then conducted at a low temperature (about 450“) until at 
the last, when it may be moved back to where the temperature is near 
the melting-point of silver. 

As much as 0.15 gram of zinc sulphide can be completely oxidized 
in this way in forty to sixty minutes. The calcination may be effected 
in a smooth shallow scorifier, an inch and half in diameter, from 
which the calcined oxide can be brushed into the scale-pan without 
appreciable loss. Calculate the zinc from the ZnO found by multi¬ 
plying by 0.8034. 

Waring’s method has been modified both by its author and by 
Dr. H. C. Weber of the TJ. S. Bureau of Standards, and the foDowing 
scheme, including the changes, is proposed by the Zinc Committee of 
the American Chemical Society. 

16. Modified 'Waring Method.*—After the weighed sample has 
been decomposed by adds alone, or aided by fusion, as the case may 
require, aU the zinc is to be brought into solution as sulphate. If 
nitric add was used in the decomposition, all traces of it must be 
expelled by evaporation with hydrochloric and sulphuric adds suc¬ 
cessively, or by two evaporations with sulphuric add, finally to 
abundant evolution of SO3 fumes. Dissolve the mass in 25 to 40 cc. 
of water and add suffident sulphuric add to bring the free add in the 
solution up to 10 or 15 per cent. Introduce a piece of heavy sheet 
aluminum and boil ten minutes, or to complete reduction. Filter, and 
wash through a filto: containing a piece of aluminum into a beaker 
containing a stirring-rod or strip of the same metal; cool, add a drop 
of methyl orange, and neutralize carefully with sodium hicarlonate 
to a light straw color. Add, dropwise, dilute formic add (20 per cent 
strength) until the pink color is just restored, then 5 drops more. 
(Dilute hydiodJoric add, i part strong add to 6 parts water, may be 

* Jour. Am. Chem. Soc., XXDC, 265. 
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substituted for formic acid when ammonium thiocyanate * is to be 
introduced.) Dilute to about loo cc. for each o.i gram of zinc pos¬ 
sibly present, add, if much iron is present, 2 to 4 grams ammonium 
thiocyanate, remove the strip of aluminum, heat nearly to boiling, 
and saturate with hydrogen sulphide. Allow the pure white zinc sul¬ 
phide to subside for a few minutes, then filter and wash with hot 
water. Transfer precipitate and filter to a capacious beaker, heat with 
8 to 10 cc. of strong hydrochloric add and 30 or 40 cc. of water, until 
the zinc is all in solution. Detennine the zinc as pjTophosphate. con¬ 
taining 42.88 per cent zinc, or by titration with ferrocyanide. The 
use of ammonium heptamolybdate f in i per cent solution as an 
indicator, instead of uranium acetate or nitrate, is recommended, 
provided all free hydrogen sulphide has been pre\iously expelled 
from the solution by heating. If a blue color still appears in the 
test drop, add a crystal or two of sodium sulphite to the zinc solution, 
to decompose any remaining hydrogen sulphide. 

17. Notes.—Using the thioc>^anate modification and the ferro¬ 
cyanide titration, I have found the above very accurate, except that 
cadmium was not entirely removed—at least in presence of copper. 
To conform to my method of standardization, proceed as follows: 
Drop filter with zinc sulphide into a 6-oz. flask. Cleanse beaker and 
delivery tube with 2 5 cc. of hydrochloric acid and rinse into the flask. 
Boil to dissolve the zinc, disintegrate the filter and expel all hydrogen 
sulphide. Add a little litnus solution or paper, neutralize with ammo¬ 
nia, and then reacidify with 3 cc. excess of hydrochloric acid. Transfer 
to a 400-cc. beaker, dilute to 250 cc. and titrate hot, as usual (6). 

18. Notes by Waring and Stone.—^Under the conditions described, 
the precipitation of cadmium is complete, but traces of copper remain 
in solution unless the boiling is continued for a very long time; this 
prolonged boiling is not necessary, as the copper is afterwards precip¬ 
itated as sulphide with the zinc and does not redissolve with the 
latter. 

In neutralizing, if the solution is strongly acid, it is better to 
nearly neutralize with sodium or potassium hydroxide and finish with 
bicarbonate. This not only saves time but lessens the chance of loss 
by foaoning. 

It is not necessary to pass the hydrogen sulphide under pressure 


♦ Ziimnemiaim, Ann. Chem., (Liebig), 99, i. 
t Nissenson and Kittembeil, Chem. Zeit., 77 (1905), 95i’-95S* 
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if the solution is diluted as already directed. The gas should be 
passed through the solution until a drop of the liquid blackens a drop 
of cobalt or nickel sulphate or chloride made alkaline with ammonia. 
After a little experience it is not necessary to make even this test. 
It is very important that the zinc solution should be quite hot during 
the precipitation of the sulphide; therefore it is advisable to begin 
nearly at the boiling-point and to pass the gas rapidly. If the heating 
of the solution has taken much time, the excess of formic acid may 
volatilize (if this reagent has been used). In such cases formic acid 
must again be added, in sufficient quantity, to make the solution acid. 

We most strongly recommend that zinc be determined gravimet- 
rically by weighing as pjTrophosphate, except where the operator has 
had much and recent practice with the ferrocyanide titration. While 
the latter is capable of giving very accurate results it will only do so 
when oM the conditions are exactly the same both in standardizing and 
during the final titration, and it is necessary to have considerable 
experience with the method to be sure of accuracy. 

19. Weighing the Zinc as Pyrophosphate."^—Filter the solution of 
the zinc sulphide in hydrochloric acid finally obtained in Waring’s 
Method and bring the filtrate to a cold, dilute and .slightly acid con¬ 
dition. Now add a large excess of ammonium sodium hydrogen phos¬ 
phate and then neutralize very carefully with ammonia, adding it drop 
by drop, finally adding a drop or two in excess. Finally, add about 
I cc. of acetic add and warm gently until the flocculent predpitate of 
ZnNHiP04+H20 has settled completely as a dense crystalline powder. 
Filter and wash with hot water. 

Dry the filter and predpitate, separate the paper and bum it, 
add the ash to the residue and ignite the two, gently at first, then for 
a few minutes at a bright-red heat. Cool and wdgh as Zn2P207, 
containing 42.88 per cent of zinc. 

The flocculmt ZnNHtP0i-fH20 is very soluble in the mineral 
adds as well as in ammom'a, but after crystallization it is much less 
soluble in the latter. It is only slightly soluble in acetic add; an 
excess of i cc. in 100 cc. of solution does not dissolve an appredable 
quantity. It is somewhat soluble in all ammonium salts, if only a 
small excess of phosphate is present. The addition of i cc. of a 10 
per cent solution of sodium ammonium phosphate for each 0.005 
gram of dnc is suffident to entirely prevent its solution in ammonium 

* Method of Geo. C. Straw, W, Geo, Waring, Jour. Am. Chem. Soc., XXVI, a8. 
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chloride or sulphate or in the acetate unless the latter is present in 
enonnous quantity. It is, however, always slightly soluble in the 
oxalate. Therefore, for very accurate work, lime and magnesia, if 
present in the zinc solution, are preferably separated together as phos¬ 
phates, after adding a large excess of ammonia and reprecipitating; 
then the combined filtrates are to be slightly acidulated and proceeded 
with as above. The crystalline zinc ammonium phosphate is quite 
insoluble in hot or cold water. 
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COMBINING DETERMINATIONS 

It is an ordinarj’' occurrence for the technical chemist to have to 
determine several constituents in the same sample of ore. The expert 
operator will, of course, be able to combine his regular methods for 
single constituents, whenever possible or convenient, so as to make 
two or more determinations from the same weighed portion of ore, and 
thus save considerable time. The accuracy of the work is sometimes 
lessened by such a combination and its adoption will then depend 
upon the rigor of the requirements. 

The folloTving examples are perhaps sufficient to show how work 
can be hastened in a busy laboratorj’', using only technical methods. 
Of course, by the tedious operations of exact analysis, many con¬ 
stituents can sometimes be determined from the same weighed por¬ 
tion, but such methods are not under consideration. Where much 
extra manipulation is involved, it is usually not worth while to work 
by a combination method. 

1. Copper, Lead and Insoluble.—^Make the copper as usual 
(Copper, 6 ), but take the precaution to cool the solution before the 
first filtration and to wash the lead sulphate residue with dilute sul¬ 
phuric acid. Dissolve the lead sulphate on the filter with the usual 
hot sodium acetate solution and proceed with the filtrate as described 
for lead (Lead, 6 ). Thoroughly wash the residue remaining on the 
filter with hot water, to remove the sodium acetate, and then ignite 
fiilter and contents and weigh as insoluble residue. 

2. Zinc, Iron and Insoluble.—^Make the zinc as usual (Zinc, 3).* 
The iron and insoluble residue will be either on the filter or adhering 
in the flask. Rinse the precipitate on the filter into a beaker with hot 
water, using as little as possible. Add 5 cc. of strong hydrochloric 
acid and warm the mixture until the ferric hydroxide, etc., has dis- 

* Ot course, the use of hydrofluoric acid would vitiate the insoluble residue deteimina- 
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solved. Transfer this solution, and any insoluble residue, into the 
original flask and again warm., if necessary, to dissolve any adhering 
precipitate. Now Alter through the same filter as before, thus dis¬ 
solving any precipitate thereon, receiving the filtrate in an 8-oz. flask. 
Wash flask and filter with hot water acidulated with a few drops of 
hydrochloric add, and see that all the residue is transferred from 
the flask to the filter, using a rubber-tipped bent glass rod, if necessarj’’, 
to detach adhering partides. Concentrate the filtrate by boiling, if 
too bulky, and determine the iron in it as usual (Iron, 29). 

The insoluble residue is now ready to ignite unless it is likely to 
contain lead. In this case dissolve out the lead with a strong hot 
solution of ammonium chloride, addulated with hydrochloric acid, 
or employ the hot sodium acetate solution used in the lead assay 
(Lead, i). Finally, wash thoroughly with hot water, then ignite 
filter and contents and weigh as usual. 

3. Calcium and Magnesium.—It is evident that no modifications 
of the methods described are necessary in this case. Simply proceed 
as for CaO (Calcium, i), and in the filtrate from the caldum oxalate 
determine the MgO in the usual manner (Magnesium, i, 2). 

4. Insoluble, Iron, Calcium and Magnesium.—Proceed for insol¬ 
uble residue by any appropriate method (Silica, 1). Wash the 
filtered residue with hot water slightly acidulated with hydrochloric 
acid and then treat it as in 2 above. If it requires purification from 
lead, do not add the resulting filtrate to the original filtrate. 

Proceed with the original filtrate as for calcium (Calcium, i), and 
thus obtain the iron as ferric hydroxide, the calcium and magnesium 
being in the filtrate (or filtrates). Determine the latter as above (3). 

If the ferric hydroxide is small in amount, dissolve it on the filter 
by pouring over it a hot mixture of 10 cc. of strong hydrochloric acid 
and 20 cc. of water, receiving the filtrate in an 8-oz. flask. It is best 
to wash larger amounts into a beaker with a httle hot water, add 5-10 
cc. of hydrochloric add and warm until the iron predpitate has dis¬ 
solved, pouring the solution through the filter to dissolve what remains 
there. Wash the filter with hot water slightly addulated with hydro¬ 
chloric add. Concentrate the filtrate by boiling, if necessary, and 
determine the iron in it in the usual manner (Iron, 29). 

6. Copp^ and Lron.—^Proceed as for copper by the iodide method 
(Copper, 6), determining the copper as usual. The filtrate from the 
predpitated copper wiU contain the iron all reduced, but also contain- 
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iTig hydrogen sulphide. Boil the solution in a flask, until the hydrogen 
sulphide is completely expelled, then transfer it to a battery-jar con¬ 
taining some cold water, dilute to 700 cc. with cold water, add 5 cc. 
of strong sulphuric acid and titrate with permanganate, as described 
in Iron, 8 . Of course, the aluminum used should be practically free 
from iron. 

It will be observed that the above combinations can be combined 
with each other in certain cases, as in the example which follows: 

7. Insoluble, Lead, Copper and Iron.—^Proceed as in i, determining 
the lead and insoluble in the residue, and then determine the copper 
and iron in the filtrate according to 6. 



CHAPTER XXXII 


BOILER WATER 

Full directions for the analysis of water to be used for steam 
purposes can be found in most of the books on technical analysis, and 
it is not intended to describe an elaborate method in this work. The 
following scheme can be carried out very quickly, and is sufficiently 
accurate in most cases: 

If the water is turbid, allow it to settle, or filter it so as to remove 
the suspended matter. 

1. Total Solids.—^Evaporate loo cc. in a weighed platinum dish 
on the water-bath to dryness. If the dish is too small to hold loo cc. 
at once, measure the water into a beaker and transfer it to the dish as 
the evaporation proceeds. A loo-cc. pipette is most convenient for 
the measuring, as no washing out is necessary and there is, therefore, 
no wash-water to evaporate. After evaporation place the dish and 
residue in an air-bath and heat at 150° C. for thirty minutes. Cool 
in desiccator and weigh. 

2. Organic and Volatile Matter.—^Hold the dish containing the dry 
residue in the tongs and manipulate it over a Bunsen flame so as to 
bum off the organic matter at as low a temperature as possible. Some¬ 
times the burned residue remains dark, owing to the presence of man¬ 
ganese. If this is mistaken for unburned carbon, too high a tempera¬ 
ture may be employed in attempting to consume it and more or less 
carbon dixoide may be expelled from carbonates in consequence. 
This carbon dioxide can be replaced by adding a little CO 2 water and 
evaporating to dryness, but it is hardly worth while to take this extra 
trouble, as the possible errors of this determination are liable to make 
it unsatisfactory in any event. The result obtained is seldom used, 
but it sometimes proves useful as a check. After the ignition cool the 
HirVi in a desiccator and weigh, noting the loss from the last weight. 

3. Conversion to Sulphates.—^Add suffident dilute sulphuric 
add to the last residue in the dish (a few drops are usually enou^) 
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and turn the latter in various positions so that the add will come in 
contact with aU the residue. Note whether or not an effervescence 
carbonates, is produced, as knowledge on this point may 
prove useful later. Heat the dish cautiously so as to expel the water 
and free sulphuric add and then raise the temperature suflBidently to 
decompose any iron sulphate and leave ferric oxide; avoid unnecessary 
overheating however. Cool and weigh as combined Na2S04, CaSOi, 
MgS 04 , FeaOs, and Si02. This wdght will be used in the calculation 
of results. 

4. Silica.—^\Varm the sulphate residue with suffident dilute hydro¬ 
chloric add to dissolve aU the sulphates. If there is much ferric oxide 
it is best to warm with a little strong add at first until it has dissolved. 
Filter thiou^ a small ashless filter and wash with hot water. Some¬ 
times it is a good plan to loosen any insoluble matter on the sides of 
the dish with a rubber-tipped glass rod and continue the heating with 
dilute add to make sure that all sulphates are dissolved. Return the 
filter and any insoluble residue to the dish and ignite. After cooling, 
wdgh as SiOs- 

5. Ferric Oxide, etc.—^Heat the filtrate from the silica nearly to 
boiling and add a slight excess of ammonia, preceded, if it is possible 
that manganese is present, by 5 cc. of strong bromine water. Bring 
to a boil and then allow to stand over a low flame for a short time, for 
the predpitate to collect. Finally, filter through a small ashless filter, 
wash with hot water, ignite and wdgh, after cooling, as FezOa. 
The amount is usually so small that the platinum or porcelain crucible 
used for the ignition need not be wdghed, but the ferric oxide may be 
transferred directly to the scale-pan. Only in rare cases where Mn304 
or AI2O3 are present in unusual amount, it is necessary to make any 
spedal separation of these substances. 

6. Caldum Oxide.—^Heat the filtrate from the ferric hydroxide 
to boiling, add suffident ammonium oxalate solution and allow to 
stand, hot, till the predpitate has settled. Filter, wash weU with hot 
water, and determine the CaO in the caldum oxalate by titration with 
potassium permanganate, as in Caxciuh, 4. 

7. Magnesium Oxide.—Concentrate the filtrate from the caldum 
oxalate to smaller bulk if necessary, and then predpitate the mag¬ 
nesium as magnesium ammonium pho^hate, as described in Magne- 
siDM, 2, finally wdghing as MgzPzO? and calculating to MgO. 

8. Alkalies.—^For the purposes of this analysis it is usually suf- 
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ficient to regard the alkalies as consisting wholly of Na20. The 
amount of Na20 is determined by calculation as follows: From the 
weight of the combined sulphates, etc., as determined in 3, subtract 
the calculated weights of the calcium and magnesium sulphates, and 
also the Fe203 and Si02. Consider the remainder as NaoSO^ and 
calculate from it the corresponding weight of Na20. 

For use in these calculations the table on page 279 is appended. 

9. Sulphur Trioxide.—Slightly acidify 100 cc. of the water with 
hydrochloric acid, heat to boiling and slowly add an excess of barium 
chloride solution. Continue as described in Sulphl^r, i, finally 
weighing the precipitated BaS04, from which the SO3 ma}' be calcu¬ 
lated. BaS04Xo,3427 =S03. 

10. Chlorine.—Measure 100 cc. of the water into a clean porcelain 
dish or casserole and determine the chlorine volumetrically by ]Mohr’s 
method, described in Chlorine, i. Instead of N/io solution of 
silver nitrate, it is better to prepare a solution containing 4.799 grams 
of AgNOs per liter. One cubic centimeter of this solution will equal 
0.001 gram of chlorine. 

11. By the scheme as described, three portions of water, of 100 cc. 
each have been required in making all the necessary determinations. 
Considerable time may be saved,with perhaps some loss of accuracy, by 
using a separate portion for determining the Fe203, CaO, and MgO, 
instead of waiting for the residue obtained by evaporation. The error 
in this plan will be mainly due to the failure to remove silica, possibly 
causing slight increases in the results for Fe203 and MgO. In most 
cases, however, this error is so trifling as to be negligible. WTien this 
method is adopted do not fail to acidify the water at the outset with 
5 cc. of strong hydrochloric acid, so that the subsequent addition of 
ammonia will form sufficient ammonium chloride to prevent the pre- 
cipitatation of any calcium as carbonate. 

12. Calculation of Results.—^In combining the acids and bases 
only an arbitrary rule can be followed, and even this is subject to 
modification in special cases according to the judgment of the analyst. 
In general proceed as follows: 

Combine the chlorine with sodium. If there is an excess of chlorine 
combine it with calcium, then with magnesium. 

If there is an excess of sodium, combine it as Na20 with SO3. 
If the SO3 is insufficient for all the available Na^O, calculate the excess 
of the latter to Na2C03. 
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If SOs is in excess combine it with CaO and then with MgO. 
Calculate any excess of CaO or MgO to CaCOa and MgCOa. 

Calculate the Fe203 to FeSOi if any SO3 remains after satisfying 
the other bases, otherwise to FeCOs. It will be observed that the 
iron is regarded as being in a ferrous condition. This is because 
organic matter is usually present. If of sufficient importance, the 
proper qualitative tests may be made to determine the condition of 
the iron. 

The silica is usually reported as SiOa, although in water containing 
much sodium carbonate it may exist as sodium silicate. I have 
observed cases where such a combination was apparently necessary to 
satisfy the conditions. 

It will be observed that the amoimt of carbon dioxide is obtained 
entirely by calculation. In the majority of cases this will suffice, as 
a fairly correct idea of the general composition of the dissolved solids 
is all that is required. The presence of a large amoimt of calcium or 
magnesium carbonate usually indicates the existence of free carbon 
dioxide, which probably forms soluble acid carbonates of the alkaline 
earths. 

13. In this analysis it is sufficiently accurate to regard milligrams 
per liter as equivalent to parts per million. As each determination 
is made on the basis of i/io liter, the results in milligrams, multiplied 
by 10, will give the parts per million. Therefore, after each result is 
obtained in grams, record it in dedmilligrams or parts per million, 
by moving the decimal point four places to the right. When the entire 
anal3rsis has been calculated and tabulated in this way, subtract the 
sum of the constituents, except organic and volatile matter, from the 
total solids and call the difference organic and volatile matter. It will 
usually be less than the figure as actually determined, for the reasons 
stated above. 

Finally, for technical purposes, it is customary to report the results 
in grains per U. S. gallon of 231 cu. in., instead of in parts per million. 
The conversion is easily made by means of the table on page 278. 

14. Example of Calculating Analysis of Boiler Water.—^Let us 
suppose the various determinations have resulted as follows, in 


parts per million: 

Total solids. 928.0 

Organic and volatile matta. 179.0 

Sulphates, etc. 934.0 
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SiOa.... 
Fe203. .. 
CaO ... 
MgO... 

SO3. 

Cl. 


. 12.0 

. 4 o 

. 165.0 

44 7 
. 246.5 
. 60.0 


All the constituents are shown except Na20, which is determined 
as follows; Calculate the CaO and MgO to sulphates by multiplying 
by the proper factors given in the table, and then add together the 
following: 

CaSOi. .400.3 

MgS04. .... 133.5 

Fe203. .. . ... . 40 

Si 02 . .... .. ... 120 


549 8 

Subtract this sum, 5498, from the sum of the sulphates, etc.. 
934.0, and consider the remainder, 384 2, as Na2S04,. This, using the 
table, is equivalent to 167.7 NaaO. 

Now combine the Cl with Na. 60 Cl =98.9 NaCl (keeping only one 
decimal place). 98.9—60=the Na required, or 38.9. This is equiva¬ 
lent to 52.4 NasO, Subtracting this from the original 167.7 ^aoO, 
there remains an excess of 115.3 Na20. 

Combine this with SO3. 115.3 Na20 =264,2 NasSOi- 264.2 — 
115.3 = 148.9, the SO3 used. Subtracting this from the total SO3, 
246.5, there remains an excess of 97.6 SO3. 

Combine this with CaO. 97.6 803=165.9 CaSO^. 165.9 — 
97.6=68.3, the CaO used. Subtracting this from the total CaO, 
165.0, there re mai ns 96.7 CaO excess. 

Combine this with CO2. 96.4 CaO = 172.6 CaCOs. 

Calculate the remaining bases as carbonates. 

44.7 MgO =93.5 MgCOs. 4.0 Fe 203 =5-8 FeCOs. 

The sum of the above results in bold type, together with the 
SiOsj 12, =812.9. Subtracting this from the Total Solids, 928.0, 
there r emains 115.1 for the Organic and Volatile Matter. It will be 
noted that this is 63.9 less than the figure actually found after ignition, 
indicating that some CO2 was driven off by the heat employed. 

15. The entire analysis may now be tabulated as follows: 
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Parts per 
Million 

Grains per 
Gallon 

Sodium chloride... 

98 9 

5 77 

Sodium sulphate . 

264 2 

IS 41 

Calcium sulphate . ... 

i6s 9 

9 68 

Calcium carbonate 

172 6 

10 07 

Magnesium carbonate . 

93 S 

S 45 

Ferrous carbonate 

5 8 

0 34 

Silica .... .... 

12.0 

0 70 

Organic and volatile matter ... i 

H 

H 

1 1 

6 71 

Total solids . .... 

928 0 

S4 13 


The results in grains per gallon are the ones usually reported. 
The conversion from parts per million is quickly made by means 
of the table on page 278. 

16. Valuation of Water from Results of Analysis.—^The chemist 
is frequently required to give an opinion as to the value of a water for 
steam purposes, basing his judgment on his analysis. In this regard 
the following points may be considered: The principal scale-forming 
ingredient is calcium sulphate. Calcium and magnesium carbonates 
also form scale to a certain extent, especially if much calcium sulphate 
is present to act as a cementing agent. Much of the calnmn and 
magnesium carbonates, held in solution by excess of carbon dioxide as 
acid carbonates, will tend to deposit as a sludge or mvd rather than as 
scale, when the water is boiled. 

While the other constituents ordinarily found in water are not 
classed as scale-forming, yet, on analysis, they are practically all 
found to a greater or less extent in the scale, showing that with a 
sufladent cementing agent they all contribute to the trouble. 

A large amount of alkali carbonate in water may cause foaming 
or pr iming in the boiler, as may also much organic matter. 

Free add is, of course, corrosive and is often found in minft waters, 
owing to the oxidation of pyrites. 

Magnesium chloride is regarded as an active corrosive agent, 
upon the supposition that it is decmiposed in the boiler with the 
liberation of free hydrochloric add. WT'isn more chlorine is present 
in a water (containing magnesium) than ran combine with the sodium 
(and potassium), magnesium chloride i? iisuaUy considered present. 






VALUATION OF WATER FROM RESULTS OF ANALYSIS 277 


The Union Pacific Railroad Company classifies the constituents 
of boiler water as follows: 

Incrusting, or Scale-forming Solids: 

Oxides of Iron and Aluminum, 

Calcium Carbonate, 

Calciiun Sulphate, 

Calcium Chloride (corrosive), 

Magnesium Carbonate, 

Magnesium Sulphate (forms scale only in the presence of cal¬ 
cium carbonate). 

Magnesium Chloride (corrosive). 

Nortrincrusting Solids: 

Alkali Carbonates, Sulphates and Chlorides, and Organic 
Matter. 

The quality of a boiler water is judged as follows: 

Foaming and Priming: 

The amount of non-incrusting solids that a boiler water can 
contain, before foaming or priming will take place, is about 175 grains 
per gallon. The less non-incrusting solids that a given water contains, 
the more the water may be evaporated before this degree of concen¬ 
tration will be reached. 

The maximum limit permissible is generally taken as 50 grains per 
gallon, although this would be too high unless the engine occasionally 
took water very much lower in non-incrustmg solids. For example, 
in the case of an average engine, of which the boiler contains 2000 
gallons and the tender 6000 gallons, after the first tender of water was 
used, the non-incrusting solids in the boiler would have attained a 
concentration of 200 grains per gallon. Therefore, in judging the 
foaming or priming qualities of a boiler water, the service that the 
onginp is performing, as well as the amount of non-incrusting solids in 
solution, must be considered. 

Scale-forming Matter: 

A water containing less than 15 grains per gallon.. Good 

“ “ “ 15-20 grains per gallon.Fair 

“ “ “ 20-30 grains per gallon.Poor 

“ “ “ 30-40 grains per gallon.Bad 

<« over 40 grains per gallon.Very bad 
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CONVERSION OF “MILLIGRAJVIS PER KILOGRAM” INTO “GRAINS PER 
U. S. GALLON” OF 231 CUBIC INCHES 


Parts per 
Milhon. 

1 

Grains per 
Gallon. 

Parts per 
Million. 

Grains per 
Gallon. 

Parts per 
Million. 

Grains per 
Gallon. 

I 

0 0583 

36 

2 1001 

mm 

4 1418 

2 

0 1167 

37 

2 1584 


4 2001 

3 

0 1750 

38 

2 2167 

■■ 

4 2584 

4 

0.2333 

39 

2 2751 

74 

4 3168 

5 

0.2917 

40 

2.3334 

75 

4 3751 

6 

0 3500 

41 

2.3917 

76 

4 4334 

7 

0 4083 

42 

2.4501 

77 

4 4918 

8 

0.4667 

43 

2 5084 

78 

4 5501 

9 

0 5250 

44 

2 5667 

79 

4 6085 

10 

0-5833 

45 

2.6251 

80 

4 6668 

II 

0 6417 

46 

2.6834 

81 

4 7251 

12 

0 7000 

47 

2 7417 

82 

4 783s 

13 

0 7583 

48 

2 8001 

83 

4 8418 

14 

0 8167 

49 

2 8584 

84 

4 9001 

15 

0 8750 

SO 


8s 

4 9585 

16 

0-9333 

SI 

2 9751 

86 

S 0168 

17 

0 9917 

52 

3 0334 

87 

5 0751 

18 

1 0500 

S 3 

3.0917 

88 

5 1335 

19 

I 1084 

54 

3 1501 

89 

5 1918 

20 

I 1667 

55 

3 2084 

90 

5 2301 

21 

1.2250 

56 

3.2667 

91 

5 308s 

22 

1.2834 

57 

3 3251 

92 

5 3668 

23 

1.3417 

58 

3-3834 

93 

5 4251 

24 

1.4000 

59 

3-4418 

94 

5 483s 

25 

1.4584 

60 

3.5001 

95 

5-5418 

26 

1.5167 

61 

3-5584 

96 

5 6001 

27 

I -5750 

62 

3.6168 

97 

5 6585 

28 

1.6334 

63 

3-6751 

98 

5 7168 

29 

1.6917 

64 

3-7334 

99 

5 7751 

30 

1.7500 

6S 

3-7918 

100 

5 833s 

31 

1.8084 

66 

3.8501 



32 

1.8667 

67 

3-9084 



33 

I 9250 

68 

3.9668 



34 

I 9834 

69 

4.0251 



35 

2 0417 

70 

4 0834 




One U S. gallon of pure water at 6o® F., weighed in air at 6o® F., at atmospheric 
pressure of 30 inches of mercury, wdghs 5^334.9+ grains. (Mason, Examination of 
Water.) 
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TABLE OF FACTORS FOR USE IN WATER ANALYSIS 


Given. 

Required. 

Factor. 

Log. 

Given. 

Required. 

Factor. 

Log. 

Ca 

CaO 

I 3990 

0 1458 

Mg 

MgS 04 

4 49*19 

0 6945 

Caa 2 

CaO 

0 soss 

9 7037 

MDa 04 

MnCOs 

I 50S0 

0 1782 

CaO 

CaCOs 

I 7840 

0 2515 

Na 

NaCl 

2 5420 

0 4051 

CaO 

CaS04 

2 4260 

0 ^849 

Na 

NaaCOs 

2 3040 

0 362s 

CaS04 

Ca 

0 2944 

9 4690 

Na 

NaaO 

134S 

0 1296 

Cl 

CaCU 

1 5650 

0 1945 

NaCl 

Na 

0 3934 

9 5949 

Cl 

KCl 

2 1030 

0 3229 

NaCl 

Cl 

0 6066 

9 7S29 

Cl 

NaCl 

I 6480 

0 2171 

NaCl 

NaaO 

0 5303 

9 7245 

Cl 

0 

0 2256 

9 3534 

NdaCOs 

Na 2 S 04 

I 3410 

0 1272 

C02 

Na^COa 

2 4080 

0 3818 

Na^iO 

Na 

0 7420 

9 S704 

Fe 2 Q 3 

FeCOs 

I 4510 

0 1615 

NaiO 

NaCl 

I 8S60 

0 2755 

KCl 

K2O 

0 6319 

9 8006 

NaaO 

NaaCOa 

I 7100 

0 2329 

KCl 

K2SO4 

I 1690 

0 0676 

NaaO 

NajS 04 

2 2920 

0 3601 

K2O 

KaCOs 

I 4670 


Na 2 S 04 

Na 

0 323S 

9 5103 

K2O 

K2SO4 

I 8490 

0 2670 

Na 2 S 04 

NaaCOa 

0 7at»i 

9 S728 

MgCOs 

Mg 

0 2885 

9 4601 

Na2S04 

NaoO 

0 4364 

9 6399 

MgO 

MgCOa 


0 3204 

S1O2 

CO2 

0 72qS 

9 S032 

MgO 

MgSOi 

2 9850 

0 4750 

SO3 

CaS 04 

I 7000 

0 2305 

MgO 

MgCla 

I 3430 

0 1281 

SO3 

K2SO4 

2 1700 

0 3377 

MgCla 

MgO 

0 7446 

9 8789 

SO3 

MgSOi 

I 5030 

( 0 1771 

MgS 04 

Mg 

0 2020 

9 3055 

SO3 

NaaSOi 

I 7740 

! 0 2491 
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COAL AND COKE 

1. The proximate analysis of coal and coke comprises determina¬ 
tions for Moisture, Volatile Combustible Matter, Fixed 
Carbon and Ash, Sulphur and Phosphorus are sometimes required 
in addition. 

The results obtained for moisture, volatile combustible matter 
and fixed carbon depend to a considerable extent upon the particular 
plan of working adopted by the operator. While the usual methods 
are more or less conventional and arbitrary, there is as yet no uniform 
agreement as to details. The methods given below are those adopted 
in the report of the committee on coal analysis of the American Chem¬ 
ical Society.* 

2. Preparalioii of the Sample.—^As soon as the coal or coke is 
received, crush it sufficiently and quarter it down to about loo grams. 
Grind this coarsely, about as fine as is possible with an ordinary coffee- 
mill. Transfer a portion of this sample at once to a tightly stoppered 
bottle for use in determining moisture. 

Grind 12 to 15 grams of the remainder moderately fiine and transfer 
to a tightly stoppered bottle for use in determinations other than 
moisture. 

3. Moisture.—^Dry i gram of the coal, uncovered, in a weighed 
porcelain or platinum crucible at 104^-107° C. for one hour, best in a 
double-walled bath containing pure toluene. Cool in a desiccator and 
weigh covered. Loss of toluene may be prevented by attaching a 
reflux condenser to the steam vent of the bath. 

With coals high in moisture and in all cases where accuracy is 
desired, determinations must be made both with the coarsely ground 
and with the powdered coal. When, as will usually be the case, more 
moisture is found in the coarsely groimd than in the powdered coal, 
a correction must be applied to all determinations made with the latter. 

♦Jour. Am. Chem. Soa, XXI, 1116. 
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The correction factor may be found as follows: Divide the difference 
in moisture by the per cent of other constituents than moisture, as 
found in the powdered coal. Multiply the per cent of each constituent 
as found in the powdered coal by the quotient, and subtract the 
resulting product from the amoimt of the given constituent. 

Thus, suppose the results of an analy^s give: 

Coarsely Ground Powdered 
Coal. Coal. 

Moisture . . . 12.07 io -39 

Volatile combustible matter. 34-25 

then the correction factor will be 

12.07—10.50 1.68 

--=00187 

100 — 10.39 89.61 

and the true per cent of volatile combustible matter will be 
34.25-(34.25X0.0187) =33.61. 

4. Volatile Combustible Matter.—Place i gram of the fresh, 
undried, powdered coal in a 20- or 30-gram weighed platinum crucible 
having a tightly fitting cover. Heat over the full flame of a Bunsen 
burner for seven minutes. The crucible should be supported on a 
platinum or pipe-stem triangle with the bottom 6 to 8 cm. above the 
top of the burner. The flame should be fully 20 cm. high when burn¬ 
ing free, and the determination should be made in a place free from 
draughts. The upper surface of the cover should bum clear, but the 
under surface should remain covered with carbon. To find “ volatile 
combustible matter ” subtract the per cent of moisture from the loss 
found here. 

The term “Volatile Combustible Matter” does not represent 
any definite compound or class of compounds which exist in the coal 
before heating. The method is arbitrary and the application of higher 
temperatures will expel more volatile matter. 

{Note .—have found western lignites to suffer a serious mechanical 
loss when subjected at once to the full heat of a Bunsen burner as 
directed above, the loss sometimes amounting to several per cent. 
To avoid this, with such coals, I proceed as follows: Heat the covered 
crucible over a Bunsen burner with the flame turned very low and not 
touching the crucible. After heating for several minutes in this man- 
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ner, increase the temperature very gradually and only as fast as the 
coal will permit without suffering mechanical loss. Finally, when the 
full power of the Bunsen flame is attained adjust it as directed above 
and continue the heating for five minutes. Cool in desiccator and 
weigh as usual.) 

5. Ash.—Bum the portion of powdered coal used for the deter¬ 
mination of moisture, at first over a very low flame, with the crucible 
open and inclined, till free from carbon. If properly treated this 
gflmplft can be burned much more quickly than the dense carbon left 
from the determination of volatile matter. It is advisable to examinpi 
the ash for unbumed carbon by moistening it with alcohol. 

When the sulphur in the coal is in the form of P3nites, that com¬ 
pound is converted almost entirely into ferric oxide in the determina¬ 
tion of ash, and, since three atoms of oxygen replace four atoms of 
sulphur, the weight of the ash is less than the weight of the min eral 
matter in the coal by five-eighths of the weight of the sulphur. While 
the error from this source is sometimes considerable, the committee 
does not recommend such a correction for “ proximate ” analyses. 
When analyses are to be used as a basis for calculating the heating 
effect of the coal a correction should be made. 

6. Fixed Carbon.—^This is found by subtracting the per cent of ash 
from the per cent of coke or residue left after expelling the volatile 
matter. Or, it is the difference between the sum of the other con¬ 
stituents determined and 100. Sulphur, which passes partly into the 
“ volatile combustible matter ” and partly into the coke, is not con¬ 
sidered in the calculation. 

7. Coking Quality.—(Not included in committee’s report). The 
condition of the residue left in the crudble after the volatile matter 
has been expelled is a good indication of the coking qualities of a coal, 
and the latter may usually be reported as “ coking ” or “ non-coking ” 
accordingly. A better test, however, is to place a quantity of the coal 
in the shape of small fragments in a clay crucible, cover the latter and 
expose to a strong heat in a muffle. Be careful not to fill the crucible 
too full, or the mass may swell up and displace the cover. When all 
volatile matter has apparently been expelled and the crucible is at a 
bright red heat, remove from the muffle and allow to cool with the 
cover on. When cold, examine the residue, and from its fused or 
unfused condition, its porosity or denaty, etc., decide as to the quality 
of the coke. Of course this test is unnecessary with coals, such as 
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lignites, that give only a loose non-coherent residue in the platinum 
crucible after expelling the volatile matter. 

8. Sulphur.—^This is determined by Eschka’s method as follows: 
Weigh I gram of the finely powdered coal into a platinum dish of 75- 
to loo-cc. capacity. Add 1.5 grams of an intimate mixture of i part 
dry sodium carbonate and 2 parts magnesium oxide. The magne s ium 
oxide should be of a light and porous nature, not compact and hea\y. 
Mix the coal and other constituents in the dish very thoroughly with a 
platinum spatula or glass rod. Now, holding the Bunsen burner in the 
hand at first, heat the dish very cautiously and raise the temperature 
very slowly, especially with soft coals. When the strong glowing has 
ceased, increase the heat gradually, placing the burner under the dish, 
until in about fifteen minutes the bottom of the dish is at a low red 
heat.* 

Stir the mixture occasionally with a pla tinum rod and when the 
carbon is completely burned allow to cool and transfer the residue to a 
beaker. Rinse out the dish into the beaker with about 50 cc. of W’ater, 
add 15 cc. of saturated bromine water and boil the mixture for five 
minutes. Remove from the heat, allow the insoluble matter to settle 
and decant the solution through a filter. Treat the residue twice with 
30 cc. of water, bringing it to a boil each time, allowing to settle and 
decanting through the filter. Finally, transfer the residue to the filter 
and wash until the filtrate gives only a slight opalescence with nitric 
add and silver nitrate. Add to the filtrate, which should have a 
volume of about 200 cc., 1.5 cc. of strong hydrochloric acid and boil 
the solution until the bromine is expelled. Nowr add to the boiling 
liquid 10 cc. of a 10 per cent solution of barium chloride. This should 
be added drop by drop, especially at first, with constant stirring. 
Allow to stand on a hot plate or over a low flame until the solution is 
perfectly dear, and then filter off the barium sulphate, washing with 
hot water imtil free from chlorides. Transfer the filter and moist 
predpitate to a wd^ed platinum crudble and heat with a low flame 
until the paper is burned. Finally heat to redness, cool in a desiccator 
and wdgh the BaSO*. The wdght of the latter, multiplied by 0.1373 
win give the wdght of the sulphur, from which the percentage may be 
calculated. 

To insure accuracy a blank determination diould be made, using 

* To avoid possible absorption of solphnr fiom the ijluminating gas, it is advisable to 
place the didi in a hole cut in a piece of asbestos board. 
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all the reagents in the same quantities and carrying out the entire 
process in exactly the same manner as with the coal. Subtract the 
weight of any barium sulphate found from that obtained in the coal 
test and calculate the true percentage of sulphur in the coal from the 
remainder. 

If the coal contains much pyrite or calcium sulphate, some sul¬ 
phur may stiU remain with the residue of magnesium oxide and ash. 
Dissolve this residue in hydrochloric add in slight excess, dilute suf- 
fidently, heat to boiling and predpitate as above with barium chloride. 
Filter off any barium sulphate obtained, ignite, and wdgh as before, 
and add the weight to that of the main portion. The experiments of 
Geo. Stdger, under the direction of Dr. Hillebrand, demonstrate the 
necessity of always examining this residue; nine samples of coal 
showing from 0.032 to 0.114 per cent additional sulphur, where the 
total sulphur ran from 0.625 to 4.561 per cent. 

9. Error in Determining Volatile Combustible Matter.—^Mead 
and Attix * call attention to the fact that while the above described 
method of heating over a Bimsen burner may be suffident for soft 
coals it is quite inadequate for coke or anthradte, which require the 
heat of a blast-lamp to drive off all the volatile combustible matter. 
They further show that during this heating there is a considerable loss 
by oxidation. With coke and anthradte they therefore proceed as 
follows: Heat in an atmosphere of nitrogen, using a Shiner crudble,t 
first over a Bunsen burner for several minutes and then over a blast 
for fifteen minutes. As an alternative method, giving nearly the same 
results, omit the atmosphere of nitrogen but make two similar heatings 
and wdghings, using an ordinary covered platinum crudble. The 
loss in a series of several consecutive heatings after the first is shown 
to be practically a constant, and is due entirdy to oxidation. There¬ 
fore, deduct the loss sustained in the second heating from the loss in 
the first to obtain the loss due only to volatile combustible matter. 

This method is undoubtedly much more satisfactory for coke and 
anthradte than the one given above, but as the results in any case are 
intended to be only comparative, it is perhaps not advisable to adopt 
it for ordinary work until there is some general agreement in the 
matter. 

10. Pho^horus.—Wei^ 5 grams of the coarsdy crushed coal or 
coke (2) into a platinum dish and bum completely to ash, preferably in 

* Jour. Am. Chem. Soc., XXI, 1x37. t Jour- Am. Chem. Soc., XXI, SS7. 



SPECIFIC GRAVTIY 


285 


a miiffle. Transfer the residue to a beaher and digest with hydro¬ 
chloric add for some time to dissolve the phosphorus compounds, then 
filter into an 8-oz. beaker, washing with water, and evaporate the fil¬ 
trate to dryness on a sand-bath or hot plate. Add to the residue in 
the beaker 25 cc. of strong nitric add, cover the beaker and boil to 
about 12 cc. Now dilute with 12 cc. of water and filter, washing with 
water. Recdve the filtrate in a 6-oz. flask. The total volume should 
not exceed 50 cc. Heat to 40°—45“ C., add 60 cc. of molybdate solu¬ 
tion (see Phosphoilxjs, 7), previously filtered and heated to 4o°-45‘’ C., 
stopper the flask and shake for five minutes. Allow to stand in a 
warm place for fifteen minutes and then filter throu^ a Gooch cru- 
dble that has been previously dried at no® C. and weired. Wash 
with a 2 per cent nitric add solution till free from salts, and then twice 
with 95 per cent alcohol. Dry twenty minutes at no® C. and weigh. 
The dried residue contains 1.63 per cent of phosphorus; therefore 
multiply the wdght found by 0.0163 to obtain the weight of phos¬ 
phorus in the amoimt of coal taken. 

Always test the filtrate with more molybdate solution, omitting 
the washings. 

II. Specific Gravity.—^In the matter of specific gravity, dther one 
of two things may be required: 

1. The true spedfic gravity, or specific gravity of the partides 

2. The apparent specific gravity, or specific gravity of the mass 
taken as a whole. 

Proceed as follows: 

Select a lump of convenient size, wdghing, perhaps, from 10 to 
20 grams, and wdgh it. Call this wdght a. 

Place the piece in distilled water under a bell-jar and exhaust 
the air from the latter. Admit the air, carefully wipe off the surface 
of the coal, now saturated with water, and wdgh again. 

Call the increase in wdght, or weight of the absorbed water, 6. 

Now suspend the wet coal by means of a fine horse-hair and wdgh 
it immersed in water. Call this weight c. 

Then, 

=true spedfic gravity, 

a—c 

and 

a 


a—(c—b) 


^apparent specific gravity. 
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12. Heatimg Value of Coal.—The heating value of a coal is usually- 
expressed either in terms of British Thermal Units (abbreviated, 
B.t.u.), or in Calories (abbreviated to Cal.). 

The British Thermal Unit is the heat required to raise the tem¬ 
perature of I lb. of pure water, at or near its temperature of mayimii-rt^ 
density, 39.1 F., through 1° F. 

The Calorie is the heat necessary to raise the temperature of r 
kg. of water from 4° C. to 5® C. 

I B.tu. is equivalent to 0.252 Calorie. 

I Calorie is equivalent to 3.968 B.t.u. 

To reduce B.t.u. per pound to Calories per kilogram, multiply by 

5/9- 

To reduce Calories per kilogram to B.t.u. per pound, multiply 

byg/s- 

The heating value of a coal is most accurately determined by 
means of a coal calorimeter, and a fairly correct result may be obtained 
by calculation from an ultimate analysis. Descriptions of both these 
methods may be found by consulting the standard ^.uthorities, but are 
omitted here as beyond the present scope of this treatise.* Attempts 
have been made to calculate the heating value of a coal from the 
results of its proximate analysis, and the following formulas are given 
as sufficiently accurate for rough heat calculations. 

13. Formula of F. Haas (West Virginia Geol. Survey). 

B.tu. per pound = 156.75 (100—per cent ash—per cent sulphur — 
per cent moisture)H-(40.50X per cent sulphur). 

Calories per kilogram =87.1 (100 —per cent ash —per cent sulphur 
—per cent moisture)-|-(25.5oX per cent sulphur). 

14. Goutal’s Formula, t 

82C+aV =calories per kilogram. 

C =Fixed Carbon, V =Volatile Constituents, a is a variable 
factor dependent upon the Volatile Constituents, Vi, of the pure 
(water- and ash-free) coal. 

Fxioo 

'"'‘TW 

0 

15. The following table giv^ the values of a corresponding to 
values of Vi from i to 40. 

• See Chemical Engineer, Vol. I, pp. 1-98, for a dearly -written aitide. 
t Jour. f. Gasbelei^tung tL Wasseioigung, XLVm, 1006. 
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Vi 

a 

Vi 

a 

■ 

H 


1 

1 

a 

1 

Vi 

a 

■ ■ 

a 

Vi 

a 

1 -S 

150 

10 

130 

16 

IIS 

21 

108 

26 

102 

i ; 

97 

' 36 

' 91 

5 

145 

II 

127 

17 

113 

22 

107 

27 

lOI 

! 321 

97 

37 

i SS 

6 

142 

12 

124 

18 

112 

23 

loS 

28 

100 

,1 33 ! 

96 

1 3S 

Ss 

7 

139 

13 

122 

19 

no 

24 

104 

29 

99 

1 34 ‘ 

05 

1 39 

S2 

8 

136 

14 

120 

20 

109 

25 

103 

30 

98 

' 35 

94 

40 

So 

0 

133 

IS 

117 




1 

1 

1 

! 






i6. As an example of how the results obtained by the above for¬ 
mulas compare with that of the bomb calorimeter, the following 
instance is given: 

Proximate Analysis of Coal 

Moisture.i 460 

Volatile . . . • • 10.880 

Fixed carbon. .81 535 

Ash. .... 6 125 


100 000 


Sulphur. • ■ ■ o 807 

Calories per kilogram determined by calorimeter, 7778. by Haas's 
formula: 

87.1 (100-6.125-0.807-1.46)-t-(22.sXo.8o7) =7909 cal per kilo. 
By Goutal’s formula: 

10.88X100 

^”81.535+10.88 = 11.78’ 

From the table we find that with Vi equal to 11.78, <1 = 124.7 
Then, 

82 (8i.535)+i 24.7 (10.88) =8068 Cal. per kilo. 










CHAPTER XXXIV 


TESTING CRUDE PETROLEUM 

OwENG to frequent discoveries of petroleum in new districts, the 
technical chemist is liable to be required to test and compare samples 
with a view to determining their commercial value. The following 
tests will usually suffice: 

1. Preliminaiy Note.—^The sample as received is likely to contain 
water, either because the original flow was mixed with water, or 
because the containing vessel was rinsed out with water and not sub¬ 
sequently dried. Therefore, allow the sample to stand for some time 
and settle out as much as possible before beginning the tests. 

2. Specific Gravity.—^This may be taken with the hydrometer if 
there is a sufficient quantity of the oil at hand. Fill the hydrometer 
jar about four-fifths full and introduce the hydrometer carefully so 
as not to smear the stem with oil above the point to which it would 
naturally sink. The hydrometer to employ is the “ Standard Baum6 
Hydrometer for Coal Oil.” Hold a piece of white paper back of the 
jar and note the point where the lower portion of the meniscus touches 
the scale. Also take the temperature of the oil and subtract i° 
Baume from the hydrometer reading for every increase of lo® F., or 
5.5® C., above 60® F., or 15.5® C. The specific gravity may be found 
by comparing the hydrometer reading with a table (see p. 329), or by 

the formula —“ B® ” is the reading Baum6. 

134.3+B® 

If the quantity of oil is too small for filling a hydrometer jar the 
specific gravity may be taken with a 10- or 25-cc. picnometer. The 
picnometer should be tested with water at 15.5® C. and then with 
the oil at the same temperature. The weight of the oil divided 
by the weight of the same volume of water, both at 15.5° C., will 
give the specific gravity at this temperature. 

3. Distillation Test, Engler’s Method.—^Arrange a fractional dis- 
tillatioh-fla^ with a side tube and Liebig condenser as in the figure. 
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The apparatus should be approximately of the dimensions shown. 
If possible, have the side tube long enough to permit of bending the 
outer end downward so as to fit into the vertical condenser. When 
this cannot be done without bringing the condenser and receiver too 
near the flame, use a properly bent glass tube as an extension. The 
joints may be cork, or strips of cotton cloth moistened with glycerin 
wrapped around and wound 
tightly with small string. Rub¬ 
ber will not answer so well, as 
it is acted upon by the hot 
vapors and may swell up or split. 

A Bimsen burner or alcohol lamp 
may be used for heating. A 
piece of wire gauze may be 
placed rmder the flask at first 
and afterward removed and the 
naked flame employed as a 
higher tanperature is required. 

The flame should be saeened to 
protect it from draughts. 

4. By means of a graduated 
pipette, place 100 cc. of the oil 
in the flask and then arrange a 
thermometer, graduated to 400° 

C., inserted through a cork in 
the top of the flask, so that the 
top of the bulb is about opposite 
the junction of the side tube and 
neck, of the flask. Heat the oil 
so that it distills as nearly as 
possible at the rate of 2 to 
2.5 cc. per minute. As the 
temperature rises above 100° C. be watchful for water in the oiL 
Water is apt to cause suddm violent bumps when it collects 
under the oil. It also evaporates, and a portion condenses in a 
drop on the thermometer bulb. When this drop falls back 
into the hot oil it is liable to cause a s m a ll esploaon and perhaps 
spoil the analysis. It is best to heat very cautiously at first, and, 
if water appears on the bulb, to remove the thermometmr and absorb 
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it with filter-paper.* Oils with but little naphtha are apt to give 
the most trouble in this respect, as they may become very hot and 
dangerous before the thermometer in the neck shows much rise, and 
if a drop of water then falls back a violent burst of steam is the result. 
Continue the heating until the thermometer indicates a temperature 
of 150® C. Collect the distillate in a 50-cc. cylindrical graduate. 
When a temperature of 150® is reached, remove the lamp a moment so 
that the temperature will drop back 20®, then replace it and again heat 
to 150®. Repeat these operations until no appreciable additional dis¬ 
tillate is thus obtained. Read the number of cubic centimeters in the 
graduate, quickly pour out the oil and replace the graduate again. 
Now increase the heat so that the thermometer gradually rises to 200® 
and then repeat the cooling and heating as before. Measure the 
fraction thus obtained and then increase the heat similarly to 250® and 
300®, t and then above 300®, until nothing but coke remains in the 
flask. The distillate up to 150® is called naphtha. The next three 
portions are illuminating oUs, the fractions obtained showing the 
proportions of the different grades. The distillate coining off above 
300® is called lubricating oil, and what is finally left in the flask con¬ 
stitutes the residuum and coke. The distillation is usually carried as 
far as possible. 


EXAMPLE SHOWING TABULATION OF RESULTS 
Specific gra\’ity of the crude oil at 6o® Fahr., 0.841 


Temperature of Distillation. 

Per Cent, of Product. 

Nature of Product. 

Bdow 150® C. 

*8s 


Naphtha 

From 150® to 200®. 

12 S] 

[Total 

[ 66.5 


“ 200'«250°. 

250® “ 300®. 

13 0 
41 0 } 

> Illuminating-oils 

Above 300°. 

2 0 


Lubricating-oil 

Residue. 

3 0 


Coke 


100 0 




* A safer plan is to lower the thennometer so that the bulb is immersed in the liquid, 
until a temperature of, say 120® C. is attained, occasionally agitating the flask until all 
water is expelled. Then raise the thermometer to its proper place and proceed as described. 

11 have found it best, at this point, to stop the flow of cold water and cautiously 
heat that standing in the condenser, with a soft flame, so as to prevent subsequent products 
from thickening or solidif^mg in the tube. 
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DISTILLATION OF OIL SHALE * 

The following is the ordinary method employed at the Colorado 
School of Mines for the preliminary testing of oil shales, oil being the 
primary consideration. The conditions of the distillation are easy 
to maintain and duplicates check closely. While the results may be 
regarded as only approximately correct, they nevertheless serve as a 
reliable basis of comparison between different shales and thus satis¬ 
factorily answer the purpose for which the apparatus was designed. 

Referring to the diagram, the retort A is constructed from a piece 



K 

4B 

RG. 22, 


of ordinary 3-m, iron pipe, 2 in. long and threaded at both ends. 
Botb ends are capped, but with this difference: the lower cap is tightly 
screwed on the usual threads, while the threads on the upper end of the 
pipe are continued downward suj 0 S.ciently to allow the cap to be screwed 
completely down until the top meets the pipe. This cap should screw 
easily on and off by hand. The distance between the edges of the two 

♦ A. H. Low, School of Mines Quarterly, April, 1921. 
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caps, whai in place, should be about i in. The capacity of the retort 
is gauged to easily hold 241 grams of most shales when crushed to 
i-in. size. A short tube and elbow are fitted in the upper cap, from 
which the |-in. gas pipe L runs downward for about 15 in. at an an gU 
of about 20“. The gas pipe is joined by a rubber connector to the 
glass tube H, about ii in. long. This tube, in turn, similarly con¬ 
nects with a tube running through a closely fitting rubber stopper 
into the graduated cylinder B. For ordinary shales this is a loo-cc. 
graduate. The condenser C has a small tin or lead pipe D passing 
loosely through its entire laigth. This pipe is about J in. external 
diameter and is open at both ends. The upper end is bent slightly 
to act as a support. is a lo-cc. graduate, fitted with a rubber stopper 
through which passes the stem of a small Gooch funnel. The exit 
tube from this funnel connects with the absorption bulbs F, and they in 
turn coimect by the rubber tube G with the carboy I, which is nearly 
filled with water. The tube M runs from the bottom of the carboy 
as drown, and has a piece of rubber tubing attached to the outer end. 
The entire tube is filled with water at the outset and closed at the end 
by the pinch cock J. iT is a rooo-cc. graduate. The retort is entirely 
surrounded by a shield of thin asbestos board. The necessary slit in 
the piece covering the top affords suflident draft. The bottom piece, 
which rests on a large ring of a ring stand and supports the whole, 
has a large hole in the center for the burner flame. The heat is sup¬ 
plied by one or more Bunsen or other burners, suffildently powerful 
to eventually heat the retort to a dull red. The retort may be sup¬ 
ported by a large ring-stand with a suitable damp attached near the 
retort in the pipe L. 

Have the apparatus, with the exception of the retort, assembled 
as shown, the carboy bdng nearly filled with cold water, the siphon 
tube full and the pinch cock dosed. Have about 20 cc. of about one- 
fifth normal sulphuric add in the absorption bulbs, sli^tly tinted with 
methyl orange to be calain that the add is not entirely neutralized 
during the distillation. Cold water diould flow thxou^ the condenser 
from start to finish. The retort with its attached pipe L is now ready 
for diarging. Have the dry shale crushed to about i in. si^. Wdgh 
241 grams into the retort and screw down the cap as far as it will go, 
but not tightly, or it may be impossible to unscrew it by hand after 
the distillation. Fill the narrow space between the two caps with 
"Engineer's No. r. Smooth On” cement, or other suitable lute. 
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Smooth On cement will soon set and there is little danger of leaking, 
even though the upper cap be not screwed down firmly. Now put 
the retort and asbestos shields in place and then open the pinch 
cock J and see that there is no leakage anj’where. The rubber tube 
to which the pinch cock is attached is shown hanging straight do^\Ti- 
ward in the diagram. At the outset the lower end should be raised 
on a suitable support, to considerably lessen the puU of the siphon. 
As the distillation proceeds the end should be gradually lowered. 
The entire overflow from the carboy is caught and measured. WTien 
all is ready, begin heating the retort with a single burner turned on 
full. Continue this until the oil begins to come over. Xow watch 
the operation closely. As long as no yello\^dsh fumes appear in the 
cylinder B, all is well. Do not mistake steam for these fumes, how¬ 
ever. As the distillation proceeds, the heat may be gradually in¬ 
creased, and a second or third burner may be added, but whenever 
yellow fumes begin to appear the heat must be at once diminished 
until they cease. The yellow fumes are the w^aming signal of over¬ 
heating. When near the end, however, a strong heat is necessary to 
obtain the last portion of oil, and yellow^ fumes are then usually 
unavoidable. The operation is ended when no more gas bubbles 
through the absorption bulbs. The lower half of the retort should be 
of a dull-red heat. Oil usually stops coining over some time before the 
gas ceases. 

When the operation is finally finished, close the pinch cock J and 
immediately separate the tubes L and H. Read the cubic centi¬ 
meters of oil and also of water in the cylinder B, and the oil in the small 
graduate £. The amount in the latter should be wery small, even 
negligible. Each cubic centimeter of oil or of w^ater represents i gal. 
per ton of shale, when 241 grams of shale are taken for the distillation. 
Now run a little hot water through the glass tube H into the cj’linder, 
and also similarly through the condenser. This is to recover any 
ammonia compounds on the walls. Disconnect the cylinder B and 
transfer the contents to a separatory funnel. After the separation, 
run the water into a beaker and wash the oil twice with warm water 
without shaking, running the wash water into the same beaker. Add 
the contents of the absorption bulbs and determine the ammonia in 
the total by the Kjeldahl method, finally titrating with N/5 normal 
H2SO4. When 241 grams of shale are used for the distillation, each 
cubic centimeter of N/5 H2SO4 required is equivalent to 0.10954 lb. 
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of ammonia sulphate (NH4)2S04 per ton of shale. The volume of 
water that has overflowed from the carboy is equal to the volume of 
permanent gases evolved from the shale. This volume in cubic 
centimeters multiplied by 0.1329 equals the yield of permanent gases 
in cubic feet per ton of shale, when 241 grams have been taken for the 
distillation. 

WTien the distillation is made for oil only, the absorption bulbs and 
carboy are, of course, omitted and the operation is ended whar the oil 
ceases to come over. 

Among the advantages of the above retort are its freedom from 
leakage and the ease with which it can be dismantled. When cold, 
the cement can be quickly loosened with a hammer and the top 
unscrewed by hand. It is constructed from materials easily obtained, 
the iron pipe and caps being of standard sizes. 

The tin or lead pipe running through the condenser adds greatly 
to the condensing effect, the arrangement catching much of the mist 
that would ordinarily escape. Some of this mist inevitably escapes 
the condenser, most of which, however, is recovered as oil in £. As 
the condenser is placed at the exit of the cylinder B, instead of 
between the retort and cylinder, it does not become clogged with 
heavy products requiring subsequent warming to remove them. The 
pipe L trains hot enough to prevent accumulation of these products, 
and if any are seen in the glass tube E they are easily removed by the 
short application of a flame. 
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DETERMINATION OP ANTIMONY AND TIN IN BABBITT TYPE 
METAL AND OTHER ALLOYS 

The following process.* found generally applicable to alloys and 
to the sulphides of antimony and tin, either in the solid state or in 
proper solution, claims nothing in particular as original, except the 
direct determination of the antimony and tin in one portion of the 
alloy without separating the other ingredients, and the titration of 
antimony and tin when both are present in solution. The direct 
titration in an alloy without separation of the other ingredients may 
not be applicable in aU cases, but it is in most cases, and where it is 
not the sulphide separation mentioned below is made use of, and the 
sulphides treated in almost the same way as the original alloy. If 
other metals, beside tin and antimony, are to be determined, Rossing’s 
method given below gives a good, quick separation, but the antimony 
and tin are determined by direct titration, if possible, in another por¬ 
tion of the alloy. 

Where only antimony and tin are sought, the alloy may be decom¬ 
posed by nitric acid, by sulphuric add, or by a mixture of sulphuric 
add and potassium sulphate. Where possible, sulphuric acid alone 
is used. If nitric add is first used, it must subsequently be expelled 
by boiling with sulphuric add, and after the nitric add is expelled, 
some tartaric add and some potassium sulphate must be added, and 
the melt heated till all carbon has been oxidized. This leaves the 
antimony and tin in the proper state for the titrations. 

The two standard solutions required are an N/io potassium 
permanganate, and an N/io iodine solution. For antimony deter¬ 
mination, the permanganate solution should be standardized by 
C. P. antimony or tartar emetic (anhydrous) of the proper composi¬ 
tion. If properly done, these standards will agree, and both will 
agree with a standardization made with oxalic add in the regular 
way. Always standardize with antimony or its compounds by heating 
with sulphuric add, diluting and adding the same amount of hydro¬ 
chloric add as is used with the alloy. In this way correct results are 
insured. The iodine solution is compared with a solution of sodium 
thiosulphate of known value. 

From 0.5 gram to i gram of the findy divided alloy is taken. 

* Method of W. H. Low, Jour. Am. Chem. Soc., XXDC, 66. 
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As the method is in general the same, the standardization of the per¬ 
manganate will be described together with the subsequent titration 
of the tin. 

Place 0.1202 gram of finely powdered C.P. antimony (=0.3234 
gram tartar emetic) and 0.1190 gram of tin in a 450-cc. Jena glass 
Erlenmeyer flask and add about 10 cc. of stroi^ sulphuric acid (free 
from chlorine compounds); 3-4 grams of potassium sulphate are some¬ 
times used and can be added here. Heat till the metals are all in 
solution (or the alloy thoroughly decomposed) and all separated sul¬ 
phur has been boiled out of the flask. All sulphurous acid will also 
be expelled by this time. Do not drive off all free sulphuric acid, but 
have enough left to keep the melt from getting hard on cooling—say 
about 7-10 cm. These operations take only a few minutes. Cool 
and add 50 cc. of water and 10 cc. of strong hydrochloric acid and heat 
to get all possible in solution. Large quantities of lead sulphate, even, 
will dissolve, and the solution will become clear. However, the 
object is to get the antimony and tin in solution, and this is all that is 
necessary. With the quantity of antimony taken, no tartaric acid 
is necessary, but with larger quantities a few grams of tartaric acid 
must be added. Tartaric acid has no effect on either titration. 
Some stannic compound with sulphuric acid may go into solution 
with some difficulty, but no attention need be paid to it here, as it will 
dissolve when we get through with the antimony, if not before. Cool 
the solution and add about no cc. more of water and 25-30 cc. 
more of strong hydrochloric add. (With small amounts of Sb, as in 
solder, a total of 20 cc. strong HCl in total volume of 200 cc. appears 
enough.) Thoroughly cool this mixture and proceed to titrate with 
pe rmang anate. Add the latter till the last drop colors the whole 
solution pink. The end-point is sharp, but the color may not remain 
long, owing to the large quantity of hydrochloric add present. If 
less hydrochloric add were present, say 10 cc. in the total volume of 
200 cc., the aid-point would be sharp, but would apparently occur 
at about 19.60-19.70 cc. instead of 20.00 cc., as it should. The true 
end-point imder these circumstances is troublesome to find. But 
even an incorrect end-point may give good results, if the solution has 
been standardized in exactly the same way. The dete rmin ation of 
the antimony or standardization of the permanganate is now finished 
and the tin is the next consideration. The titrated solution contains 
antimonic ddoride and stannic chloiide, besides other things of no 
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particular moment. Pour this solution into a soo-cc. round-bottom 
flacTr and rinse out the Erlenmeyer flask with about 50 cc. of strong 
hydrochloric add and add washings to main solution. The -main 
solution ^ould be at least one-fifth by volmne of strong hydrochloric 
add (the regular strong C.P. add). Add about i gram of finely 
powdered C.P. antimony * and place on the steam-bath for about 
fifteen minutes, shaking once in a while. Next remove from the bath 
and connect with an apparatus capable of giving a rapid current of 
carbon dioxide. The connection is made by means of a cork carrying 
two tubes. The first dips below the surface of the solution in the flask 
and the second or outlet tube is bent downward and the end dips 
slightly bdow the surface of some water or mercury. This allows any 
tendency to back pressure to be instantly detected. While passing 
a rapid stream of gas, heat the contents of the flask to boiling, using 
a naked flame, but taking care to heat the sides of the flask and avoid 
directly heating the bottom. This is because the antimony lies on the 
bottom and the flask might be cracked by unequal heating in con¬ 
tact with solution. Boil 2-3 minutes after the liquid commences 
to boil. Cool quickly by surrormding the fliask with cold water and 
take care that the current of carbon dioxide is strong enough to pre¬ 
vent back pressure due to sudden condensation. When cold, loosen 
the cork somewhat and introduce 5 cc. of good starch solution, and then 
withdraw the flask gently so as not to allow air to enter by forming 
currents. Cork qmckly and take to the burette. Introduce the spit 
of the burette far down into the neck of the flask and, rotating the 
latter gently, run in or drop in N/io iodine solution. Towards the 
end the starch blue will appear and remain mostly in the naiddle por¬ 
tion of the solution, requiring stronger agitation to mix with the rest 
of the solution. This causes the metallic antimony in the bottom 
of the flask to become stirred up and slightly obscure any slight blue 
tint. For this reason the titration is continued till the last drop gives 
a strong blue to the whole solution, and then we deduct about 0.05 
cc. from the burette reading. Do not fear that the end-point will not 
be recognized within one drop or less. It is unmistakable with good 
starch solution, and no doubtful ending should be taken. With correct 
solutions, etc., the titration should have taken just 20.00 cc. Mix¬ 
tures of C.P. antimony and C.P. tin (allowing for o.io per cent impuri¬ 
ties found to be present) give exact results. No trouble has been 

^ Of. Ibbotson and Biearlqr, Analyst, 1902, 25. 
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found in titrating tin correctly with iodine. Objections to this 
method may be founded from accepting C.P. tin as actually nothiug 
but tin, while most of it contains impurity. 

To test tin or antimony for impurity, a quick method, of consid¬ 
erable accuracy, is to take about 0.5 gram in a porcelain boat, place 
in a combustion tube and pass a slow current of drj' chlorine or dr>’ 
hydrochloric add gas. The tin or antimony is quickly volatilized 
and lead, copper, iron, etc., remain mostly in the boat. Displacing 
the chlorine with carbon dioxide and then heating in a current of 
hydrogen reduces the chlorides left in the boat to metal, and their 
weight can be deducted from the original metal, or the percentage 
determined. This is not strictly accurate, as on j&rst heating in hydro¬ 
gen there is a slight volatilization of some of the chlorides. 

In the case of an aUoy, a good qualitative analysis should always 
be made, unless the approximate composition is known. If there are 
no interfering metals, the alloy is decomposed and the antimony and 
tin titrated, as shown above, without remo\’ing the lead sulphate, 
copper sulphate, etc. Lead in large amount does not interfere. 
Theoretically, any amoimt of copper should not interfere, and prac¬ 
tically small amounts are known to cause no trouble, while large 
amounts have not been present in the tests made. Should the alloy 
contain iron in any quantity, there might be some danger of ferrous 
sulphate being left after boiling with sulphuric acid. This difficulty is 
overcome by decomposing the alloy with nitric acid, as usual, boiling 
off most of the nitric acid, adding about 10 cc. of sulphuric acid and 
3-4 grams potassium sulphate, boiling to complete expulsion of the 
nitric acid, and then adding a little tartaric add or other organic 
matter, and after the carbonization, continuing the boiling till all 
organic matter has been destroyed. This will always leave the anti¬ 
mony and tin m the “ ous ” and “ ic ” states, respectively.* From 
this point, the determination is carried on in the maimer described 
above. Where the antimony and tin have been separated from the 
other metals by means of alkaline sulphides, the details of operation 
depend on whether the decomposition of the alloy was made with 
aqua regia or with sulphuric or nitric add. It will be assumed that the 
alloy has been dissolved in aqua regia and the tin and antimony are 
in solution combined with alkaline sulphides. Add slight excess of 
“ulphuxic add and heat gently to predpitate the sulphides of antimony 
* A. H. Low, Jour. Am. Chem. Soc., XXVm, 171s. 
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and tin. Filter, preferably through a 6o mm. Witt’s plate and an 
S. & S. white ribbon filter No. 589, and wash the precipitate on the 
filter with dilute hydrogen sulphide water conta in i ng enough ammo¬ 
nium acetate to prevent stannic sulphide from giving a turbid or opal¬ 
escent filtrate. After washing somewhat, test each succeeding 10-20 
cc. of filtrate by boiling off the hydrogen sulphide, acidifying with 
nitric acid and adding three or four drops of silver nitrate solution. 
The last filtrate should be entirely free from chlorine, as shown by this 
test. With a Witt’s plate of 60 mm. diameter, this is quickly accom¬ 
plished. The residue on the filter and the filter itself may now be 
p ] ji in a 450 cc. Jena glass Erlenmeyer flask, 3-4 grams potassium 
sulphate added and 10-20 cc. strong sulphuric acid, and the whole 
magR boiled till aU organic matter has been destroyed and the anti¬ 
mony and tin are present as sulphates, while there are not over 10 cc. of 
free sulphuric acid left in the flask. As organic matter is not really 
necessary in this operation, and it takes some time to oxidize the filter 
paper, the precipitate on the filter can be handled differently, if some 
alkaline sulphide, free from chlorine compounds, is available. This 
desideratum will probably be found best in ammonium sulphides or 
poly-sulphides, as the best C.P. by alcohol caustic soda contains 
PTin iigh chloride to cause some loss of tin. The precipitate is washed 
from the filter into the flask with as small a quantity of water as pos¬ 
sible. What remains on the filter is dissolved off wdth aJkalme sul¬ 
phide free from chlorine and the solution added to the flask. Enough 
alkaline sulphide is now added to the flask to dissolve the sulphides of 
antimony and tin on warming. When this is accomplished, acidify 
with sulphuric add and then add about 10-15 cc. in excess and 3-4 
grams potassium sulphate and boil down to sulphuric add fumes and 
till all sulphur has been expelled and the antimony and tin remain 
only as sulphates. The final amount of free sulphuric add left should 
not be over 10 cc. Tin tends to form a stannic sulphate, very insoluble 
in strong sulphuric add, but subsequent heating and boiling in the 
presence of hydrochloric add dissolves it. The boiling with strong 
sulphuric add and destruction of organic matter is carried on easily 
and quickly over a naked flame of good heating power. Tlie Jena 
glass Erlenmeyer flasks stand the operation very well, and none have 
cracked. The flask is generally held in the hand by means of a damp 
(Chaddocks’ damp with rubber removed is very good) and rotated to 
insure even heating. In this way the sulphuric add may be com- 
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pletdy driven off, leaving a melt of add potassium sulphate, and the 
flask will not break. If there is any doubt that the antimony does not 
exist in the “ ous ” condition, a little tartaric add or other organic 
matter may be added and burned off by boiling. The antimony and 
tin now exist as sulphates and the procedure is the san-ift as in the 
standardization of the permanganate. 

This method for the sulphides of antimony and tin is in every 
way much more satisfactory than the gravimetric separation and 
determination, and takes Httle time. 

Mixtures of C.P. antimony and tin (allowing for any impurities) 
give exact results. An alloy run through recently gave the following 
results. Qualitative analysis showed the metals indicated to be the 
only ones present, except in minute traces. 


Lead 


Antimony 


Tm , 
Copper 


Iron . 


74 19 Alloy dissolved in aqua regia, alkaline sulphide sepa¬ 
ration, lead separated from copper as sulphate 
in presence of alcohol. Two determinations 
checked. 

15 44 Alloy boiled with sulphuric acid and antimony 
titrated direct, as in standardizing perman¬ 
ganate. 

9 88 Determined in same solution, after the antimony, 

o 44 Determined after the lead, dnnng oS alcohol and 

determining by A. H. Low’s iodide process. 
Check test. 

trace 


99 95 

If arsenic were present, it would interfere with the antimony titra¬ 
tion or be counted as antimony. It may easily be removed. 

It is often stated that the titration of tin with iodine gives slightly 
low results. Experience with the above method has given confi¬ 
dence that the results for tin are exact, if the conditions are observ'ed. 
Tin may be lost somewhere in the process, but all that remains is 
surdy indicated by the titration. 

Method of A. Rossing for Separation of Sulphides.*—this 
method the alloy is dissolved in a mi-niTmTm of aqua regia, a little 
potassium chlorate being used to insure complete oxidation. After 
some dilution, a little tartaric add is added, the solution almost 
exactly neutralized with sodium hydroxide solution and a suffident 
quantity of colorless sodium hydrosulphide, NaSH, added to predp- 
* Jour. Soc. Chem. Ind., 190*, ipi. 
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itate copper, lead, etc., and to retain all the antimony and tin in solu¬ 
tion. By using a gentle heat and with enough sodium sulphide, the 
antimony and tin will go into solution. Filter, washing the residue 
with hot dilute sodium sulphide solution. Test the final washings 
by acidifying them, to make sure of the removal of all the antimony 
and tin from the residue. 


SULPHUR DIOXIDE METHOD FOR DETERMINING COPPER 
MINERALS IN PARTLY OXIDIZED ORES* 

A survey of the status of present laboratory practice brought out 
the need of a correct and rapid method for the selective determination 
of the quantity of copper in the sulphide form, on the one hand, and 
of that in the form of combined oxides, carbonates, silicates, and native 
or metallic copper, on the other hand, in partly oxidized ores and in 
TT>ni products from these ores. Such a method is necessary for con¬ 
trol determination on flotation mills treating sulphide ores, and also 
on lixiviation works using either adds or alkalies as the active solvent 
for the copper in oxidized and in silicate form. For convenience, such 
copper is termed “ oxidized copper.” 

Procedure .—^Place 2 grams of pulp, ground to a fineness of 100 to 
150 mesh, in a bottle, and 100 cc. of a 3 per cent solution of sulphur 
dioxide. Seal the bottle and agitate by rolling for one-half to two 
hours. Filter; wash the residue with sulphur dioxide solution; add 
the washings to the filtrate, which will contain in solution all oxides, 
carbonates and silicates of copper, and all metallic copper. Add 5 to 
10 cc. of nitric add and bod down to 20 cc. Dilute with distilled 
water to 150 cc. and determine the copper by the electrolytic method 
in the usual way. 

The residue from the filtration contains the unaltered and rmdis- 
solved copper sulphides. In the experimental work the copper present 
as sulphide was separately determined, in order to check the deter¬ 
mination of oxidized copper. Ordinarily this step would not be 
necessary. In analyses of the low-grade porphyry copper ores of the 
Southwest, the sulphides may be readily decomposed and all the cop¬ 
per dissolved by proceeding as follows: To the residue, add 5 cc. of 
* Bameveld and Leaver. U. S. Bureau of Mines, Technical paper, 198. 
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sulphuric add and lo cc. of nitric add and boil until dense white fumes 
appear. Add $ cc. of nitric add and dilute with distilled water to 150 
cc. Determine the copper by the electrolytic method. This method 
of deter minin g copper in the residue is not suited for hea\y sulphide 
ores containing interfering bases, and for such ores standard methods 
should be used. 

Preparation of Solution.—^Although sulphur dioxide solution (sul¬ 
phurous add) may be readily purchased, it is deddedly tmstable; 
hence the solution should be prepared in the laboratory' as needed. 
Small quantities are easily made by adding moderately strong sul¬ 
phuric add to scrap copper tinned on one side; the resulting sulphur 
dioxide gas is absorbed in water. For continuous work it is better 
to purchase liquid sulphur dioxide in steel cylinders and drums, which 
are obtainable in sizes ranging from 6-lb. to 200-lb. capadty. In the 
first experiments at the Tucson station the sulphur dioxide gas was 
introduced directly into the bottle containing the water and pulp. 
Much loss of gas resulted and the procedure was otherwise unsatis¬ 
factory. 

Later the simple apparatus shown in Fig. 23 was evolved. A 
vertical absorption tower a, 42 in. long, made of f-in. to i-m. glass 
tubing and filled with broken hard-burned fire clay, is set between 
two glass bottles b and d, of 3 to 5 gals, capacity, the bottle b being 
placed about 5 ft. above the other bottle. This tower is open at the 
top and sealed at the bottom with a plug of sealing wax e, through which 
two small glass tubes extend. The upper bottle b contains distilled 
water, which is siphoned into the upper end of the absorption tower, 
the flow being regulated by a stopcock /. A cylinder c (capacity 6 to 
50 lbs.), containing liquid sulphur dioxide, is connected to one of the 
g lass tubes extending into the absorption tow'er. On opening the 
valve of this cylinder the liquid sulphur dioxide issuing from the valve 
is gasifled by the reduction in pressure and passes into the tower, 
where it is absorbed by the water from bottle b, converted into sul¬ 
phur dioxide solution of the desired strength and caught in the stock 
bottle d. 

This apparatus gives entire satisfaction. With little attention, a 
3 per cent solution of sulphur dioxide may be produced at the rate of 
3 liters per hour. The cylinder containing liquid sulphur dioxide 
indicated in the sketch may be replaced with an SO2 gas 
generator. 
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Strength of Solution and Time of Contact.—Considerable variation 
as regards strength of solution and time of contact will be necessary in 
treating different ores from different localities. In general, for por¬ 
phyry copper ores a solution containing 3 per cent sulphur dioxide 



Fig. 23.—Apparatias for Preparation of Sulphur Dioxide Solution: a, absorption 
tower; 6, distilled water bottle; c, container for liquid sulphur dioxide; d, bottle for 
sulphur dio3dde solution; e, plug of sealing wax. 


should be used. With some ores much weaker solutions, containing 
as low as 0.75 per cent sulphur dioxide, wiU do the work. Merely 
introducing the pulp into ^e solution, shaking the bottle for a few 
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minutes, and letting it stand, -will not dissolve the copper; constant 
agitation is essential. For a small number of tests a bottle-agitating 
machine -will give satisfactory results. For analytical work, where 
large numbers of samples are run, as in a mine laboratoiy, a bottle- 
rolling machine will be foimd more satisfactory, not only for this pur¬ 
pose, but for aU solutions requiring constant agitation. The time of 
contact necessary to completely dissolve the oxidized copper minerals 
was found to vary from one-half to two hours. Most of the ores and 
products tested gave complete recovery in half an hour, and the most 
refractory ores yielded in less than two hours. 

Testing Strength of Solution.—To determine the strength of the 
sulphur dioxide solution, the following adaptation of a weU-knouTi 
reaction is recommended. It is based on the fact that introducing 
either weak or concentrated sulphurous add into a solution of iodine 
win result in the complete oxidation of the sulphur dioxide. 

Prepare an iodine solution by dissolving i6.8 grams of potassium 
iodide in distilled water, adding 84 grams of pure resublimed iodine, 
and shaking imtil the iodine is completely dissolved. The more con¬ 
centrated the potassium iodide solution, the more readily wiU the iodine 
dissolve. Bring the solution to proper strength by adding enough 
distiUed water to make a volume of i liter. Then standardize the solu¬ 
tion by the thiosulphate method, using starch indicator. 

The determination is made as follows: To a measured quantity 
of standard iodine solution add slowly, with constant stirring, the 
proper volume of sulphur dioxide solution. So regulate the volume 
of iodine solution used that the mixture alwaj'S contains a decided 
excess of iodine over the quantity required to oxidize the sulphur 
dioxide being added. An excess of sulphur dioxide causes the solution 
to dear and to lose its dark red color. If an excess of sulphur dioxide 
is added, the determination is spoiled, and the test should be repeated 
with fresh sulphur dioxide solution and a larger quantity' of iodine 
solution. Thus, there is a relation between the strength and quantity 
of sulphur dioxide solution and the quantity of standard iodine solution. 
In general, when the solution to be standardized varies in strength 
from I to 3 per cent sulphur dioxide, add i cc. of this solution to 
20 cc. of standard iodine solution. When the sulphur dioxide solution 
is appreciable below i per cent in strength add a largo: quantity of it. 
The mixture is then titrated by the thiosulphate method to deter¬ 
mine the quantity of iodine remaining in the mixture. The difference 
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between tHs quantity and the total quantity of iodine represents the 
iodine used in oxidizing the sulphur dioxide. The strength of the 
sulphur dioxide solution may then be calculated according to the 
formula: 

SO2+H2O+2I = 2 HI+S 03 . 

Metallic iron, from the grinding, etc., in amount up to 2 per cent 
is without influence on the results. The amoirnt found in finely 
ground ores is usually less than i per cent. An essential requirement 
is the continued presence of a strong excess of SO2, which readily 
dissolves the metallic iron. In order to insure this excess, the SO2 
must be introduced in the form of sulphm: dioxide solution. If SO2 
is introduced in the form of a gas, unstable conditions arise from the 
iinpqiial distribution of the gas; then the presence of metallic iron, in 
quantities less than 2 per cent may cause the precipitation of copper 
in the form of cement copper cupro-cupric sulphites, and probably 
also as complex sulphides, which are not redissolved. 


DETERMINATION OF AR.SENIC IN CRUDE SULPHUR 

Weigh 10 grams (or more, if considered necessary) of the dry crude 
sulphur into a tall, narrow beaker of about 200 cc. capacity. Add 
sufficient carbon disulphide to dissolve practically all the sulphur, 
perhaps 30 to 50 cc. A small amormt of the sulphur may exist as a 
modification insoluble in carbon disulphide. The failure of this to 
dissolve is usually immaterial. Add 50 cc. of water cont ainin g about 
7 cc. of strong ammonia. Place the beaker in hot water, repeatedly 
renewed, until all the carbon disulphide has boiled away. Most of 
the sulphur precipitates. A little remains in solution as ammonium 
sulphide, and this solution contains all the arsenic. Filter, washing 
with warm water. Receive the filtrate in an 8-oz. flask. Add i gram 
of sodium carbonate and boil until all the ammonia is expelled. Now 
add 3 grams of anhydrous sodium sulphate and 5 cc. of strong sul¬ 
phuric acid. Boil until all the free add is expelled and the contents 
of the flask reduced to a mdt. Cool with the flask inclined, to pre¬ 
vent the cake from cracking the bottom. Add 50 cc. of hot water 
and boil to dissolve the cake. Finish by the iodine method, as 
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described in Arsenic, i. Use an iodine solution of about one-fifth the 
usual strength. Report in parts per million. If AS2O3 is required, 
AsXl.32 =*AS203. 

Run a blank test by placing in a flask i gram of sodium carbonate, 
3 grams of sodium sulphate and 5 cc. of sulphuric add, running the 
mixture down and fi n is h i ng as above. Deduct the iodine required 
for the blank from that used in the analysis before making the cal¬ 
culation for arsenic. 

Note .—I have found results obtained by the above method (which 
takes only one or two hours) to dosely check those obtained by much 
more tedious and elaborate schemes. 


DETERMINATION OF ARSENIC AND ANTIMONY.* DISTILLATION 

METHOD 

Solutions: 

Copper, Zinc Chloride.—^To i lb. of C. P. stick zinc, add 500 cc. of 
water and then, gradually, 1200 cc. of C.P. hydrochloric acid. Boil 
the solution until it reaches a temperature of 108° C. 

Dissolve 300 grams of C. P. cupric chloride in i liter of C. P. 
hydrochloric add (sp. gr. i .18) and mix this solution with the one made 
as above. 

Standard Iodine Solution.—^Dissolve 75 grams of potassium iodide 
in as little water as possible and use this as a solvent for 34 grams of 
pure iodine. Make up to 2 liters. One cubic centimeter of this solu¬ 
tion will be approximately equivalent to 0.005 gram of arsenic. 

To standardize: Weigh 300 mg. of pure arsenious oxide (.AS2O3) 
into an 8-oz. flask. Add 20 cc. of water and about 2 grams of sodium 
hydroxide. When the arsenic has dissolved, dilute to about 200 cc., 
add a drop or two of phenolphthalein solution as indicator and then 
make faintly add with hydrochloric add. Now add 2 grams of sodium 
add carbonate and a little starch solution, then cool thoroughly and 
titrate with the standard iodine solution to a permanent blue tinge. 
Three hundred milligrams of AS2O3 are equivalent to 0.2273 gr^m 
of As. 

Divide this wdght by the number of cubic centimetos of iodine 
solution used to obtain the value of i cc. in As. 

* Communicated by Lewis B. SHnner, formeriy Vice Pres, and Gen. Mgr., VTestem 
Chemical Mfg. Co. 
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Notes —careful in acidifying with hydrochloric add, as above, 
to add only a slight excess; otherwise the 2 grams of sodium add car¬ 
bonate prescribed may be insuffident to completely neutralize it, as 
required. Also, do not fail to cool thoroughly before titrating. 

A blank should be run on the copper, zinc chloride solution, since 
the copper salt used may contain nitrogen compounds or arsenic. 
Distill the amount indicated for a regular determination, in the manner 
to be described, with 0.25 gram of C. P. copper, finally titrating as 
i isnal Deduct the amount of iodine solution required from the 
amount used with unknowns. 

Arsenic Determination.—In the case of heavy sulphides, low in 
arsenic, weigh 10 grams of the finely ground pulp into a 12-oz. flask 
and digest with 20 grams of potassium add sulphate, one-half of an 
I i-cm. filter paper and 50 cc. of strong sulphuric add. This method of 
attack is due to A. H. Low. 

Bring the add to a boil and fume it until the sulphur is expelled 
and the black color, due to carbon, disappears. Allow the melt to 
cool with the flask on its side, to avoid cracking. When cool, care¬ 
fully add 100 cc. of water, then 25 cc. of hydrochloric add and 2 or 3 
grams of tartaric add. Heat to just bdow boiling, or, better, a little 
cooler, until all anhydrous ferric sulphate has dissolved. If the solu¬ 
tion is allowed to boil, arsenic is liable to be lost by volatilization. 
Filter, dilute the filtrate to about 300 cc. with hot water, and pass in 
hydrogen sulphide gas vigorously for about ten minutes. 

Filter the predpitated sulphides through an ii-cm. filter, wash 
immediately to prevent oxidation and then insert the filter and con¬ 
tents into an 8-02. distilling flask, the side-arm of which is bent down 
so as to connect with a vertical 8-in. AUihn condenser. Place a fim- 
nel in the neck of the flask, with the stem reaching below the side 
outlet connection, and pour through it 50 cc. of the copper, zinc chloride 
solution upon the sulphides. Insert a thermometer through the hole of 
a rubber stopper and arrange this in the neck of the distilling flask so 
that the thermometer bulb will be approximately i in. from the bottom 
of the flask. Place a No. 2 beaker containing 40 cc. of cold water at 
the low«: end of the condenser, so that the end is just sealed by the 
liquid. Heat the distilling flaric gently with the naked flame of an 
alcohol lamp (having a chimney to prevent flame disturbance), or 
otherwise in such a maimer that the sides of the flask will not be heated. 
Discontinue the hearing when a temperature of 115® C. is reached. 
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Organic matter or elementary sulphur which may be obser\^ed in the 
distillate are without effect. SO2 or other reductors affected by iodine 
will not be formed. 

Unless the amount of arsenic is large, this distillation is suf&cient, 
but if a quantity in excess of i gram is suspected, add 25 cc. more of 
hydrochloric acid to the mixture in the flask and repeat the dis¬ 
tillation. 

Transfer the distillates to a No. 3 beaker, make alkaline with 
ammonia, then faintly acid with hydrochloric acid, add 2 grams of 
sodium acid carbonate and a little starch liquor, cool down to room 
temperature or cooler and titrate with the standard iodine solution 
to the usual blue tinge. 

Antimony Determination.—^Remove the stopper containing the 
thermometer from the flask and replace it with a stopper ha\dng a 
Walters separatory funnel reaching below the neck of the flask, but 
not into the liquid. The delivery end of the separator}' funnel 
should be ground to a taper. 

Place a No. 2 beaker, with water, as before, under the end of the 
condenser, so as to form a seal, heat the retort until the mass froths 
slightly and then allow hydrochloric add to drop from the separatory 
funnel at the rate of one or two drops per second, and in such a manner 
as to avoid having any liquid remain in the tube below the bulb. 

Maintain the temperature in the flask at the point at which the 
drops of add cause only a slight spattering and no dolent chugging 
in the condenser. 

Use beakers, one after another, to seal the end of the condenser, 
and pass hydrogen sulphide into each xmtil finally only a slight organic 
color is produced by the gas. Now, dilute the combined distillates 
containing antimony with an equal volume of water and pass in 
hydrogen sulphide for a few minutes. Filter the precipitated sulphide 
and wash quickly with warm water- 

insert filter and precipitate into an 8-oz. “ copper flask,” add three 
smft.n pieces of quartz, a level-full Battersea cup of potassium add 
sulphate (perhaps 10 grams) and 10 cc. of sulphunc add. Bring to a 
boil and fume as directed in decomposing the ore. Cool with the flask 
on its side. When cool, add 50 cc. of water and 20 cc. of strong 
hydrochloric add and heat gently until the cake has dissolved. 
Finally, boil a short time to expel any SO2 present. 

Cool to room temperature, dilute to about 200 cc. with cold water 
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and titrate -with a standard solution of potassium permanganate— 
the usual solution standardized for iron. The Fe value of the perman¬ 
ganate, multiplied by r .079, will give the Sb value. In titrating, take 
the first end-point that persists a short time, as the hydrochloric add 
present gradually decomposes the excess of permanganate. 

When the amount of arsenic in an ore will run several per cent, 
use a r-gram charge in an 8-oz. fiask. with 7 grams of FkHS04, one- 
eighth of a 9-cm. filter paper and ro cc. of strong sulphuric add. 
Conduct the ^ pa ting and cooling as described for the larger amount of 
ore. After cooling, add 50 cc. of water, 2 to 3 grams of tartaric add, 
boil until the melt is disintegrated, then add 10 cc. of strong hydro¬ 
chloric add and proceed as before. 


DETERSUNATIOW OP ARSENIC AND ANTIMONY, DISTILLATION 

METHOD ♦ 


Apparatus 

Knorr Arsenic Still.—(E. Machlett & Sons, 143-147 East 23d 
Street, New York City.) The bottom of the distilling flask should 
project I in. through a round hole cut in a s-in. square section of 
asbestos board. 

Procedure 

Arsenic.— Wdgh 0.5 gram of sample into a 200-cc. casserole. Add 
10 cc. of nitric add, cover and digest on a hot plate for five minutes. 
Add s cc. of sulphuric add. Boil to fumes and fume two minutes over 
a free flame. Add 5 cc. of phosphorus add, again boil to fumes and 
furae two minutes over a free flame. 

Remove the dropping funnel from the apparatus and substitute a 
Gooch funnd. Wash the contents of the casserole, after cooling, into 
the distilling flask, using 13 cc. of water. Place 20 cc. of hydro¬ 
chloric add in the cassgrole and set aside. Replace the dropping 
funnd. in the apparatus, lubricating the ground glass with sulphuric 
add and luting the joints between the flask and condenser in the same 
way. 

Place 250-cc. beaker, containing 100 cc. of cold water, so that the 
tip of the c ondenser is | in. below the surface of the water. Surround 
* Method of the Sdby Plant of the American Sm. & Ref. Co. 
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the beaker with running cold water. Pour the hydrochloric acid in 
the casserole through the dropping funnel into the flask. Close the 
stopcock and place 20 cc. of hydrochloric acid in the dropping funnel. 

Apply a low flame to the bottom of the flask, and, as soon as the 
contents begin to boil, add hydrochloric acid from the dropping funnel 
at the rate of i drop in eight seconds, or 30 drops in four minutes. 
Continue the distillation for five to ten minutes. 

Remove the beaker containing the distillate, add ammonia until 
slightly alkaline, then reacidify faintly with hydrochloric acid. Cool 
completely, add 5-10 grams of sodium acid carbonate and a little 
starch liquor, and titrate with standard iodine solution (approximately 
i/io normal) to the usual bluish tinge. 

Iodine Solution, —12.7 grams of re-sublimed iodine, 20 grams of 
potassium iodide. Dissolve in a small amount of vrater and then 
dilute to I liter. To standardize, weigh out 0.2 gram of arsenious 
oxide of known arsenic content, run as an ore and finally titrate with 
the iodine solution. 

Indicator Error ,—^Take 100 cc. of water in a beaker, add 20 cc. of 
hydrochloric acid, make slightly alkaline with ammonia, then faintly 
acid with hydrochloric acid. Cool thoroughly, add 5-10 grams of 
sodium acid carbonate and a little starch liquor. Titrate with the 
standard iodine solution to the usual blue tinge. Note the amoimt of 
iodine solution used and deduct this from all titrations. 

Antimony.—^Wash the residue remaining in the flask after the dis¬ 
tillation of arsenious chloride, into a 600-cc. beaker. Cool, dilute to 
500 cc. with cold water and titrate the Sb with standard potassium 
permanganate solution to the usual pink tinge. The permanganate 
used for iron titrations will serve. Tlie Fe value multiplied by 1.079 
will give the Sb value. 

Notes .—^If an ore contains much silica, bumping is likely to occur 
during the distillation. To avoid this, after fuming with sulphuric 
acid, cool, dilute with water, bring to a boil and filter off the silica. 
Take to fumes again and reduce with phosphorus acid. 

Arsenic goes into solution in nitric acid as arsenic add. This is 
reduced to arsenious acid by the phosphorus add. 

Phosphorus add is oxidized to phosphoric add by the sulphuric 
acid, the sulphuric add being reduced to sulphurous add, which vola¬ 
tilizes. 

The prescribed mixture (10 cc. sulphuric add, 20 cc. water and 20 
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cc. hydrochloric add) gives the proper condition for the arsenic to 
distill over, while the antimony remains in the still. 

The arsenic distills as arsenious chloride, most of it going over very 
quickly. The greater part of the time of the distillation is taken in 
sweeping out the apparatus. 

Anthnonious chloride does not distill over until the sulphuric add 
begins to fume. 

Suffident sodium add carbonate must be present during the arsenic 
titration to neutralize all hydriodic add formed and still leave an 
excess of the salt. 


DE1®RMINATION OF SULPHUR IN OILS 

The sodium peroxide method was devised by Edinger (Zeit. Anal. 
Chem., Vol. 34, p. 362,1895), and modified by Parr (Jour. Am. Chem. 
Soc., Vol. 30, p. 767, 1908) and has been further modified by Franks 
(Chem. Met. Eng., Vol. 25, p. 49,1921). The following is a descrip¬ 
tion of the method as modified by Franks:* 

Sodium Peroxide Method.—^This method employs the Parr sul¬ 
phur bomb, made espedally for the purpose. It may be obtained 
at supply houses. 

Place in the bomb i measure (the measure is supplied with the 
bomb) of pure sodium peroxide (c^orimeter quality), i gram of 
powdered potassium chlorate and 0.2 gram of powdered benzoic 
add. hlix weE by shaking and stirring. (When a large number of 
determinations are to be made it is best to prepare a quantity of this 
mixture, suffident for all the determinations, and use a heaping 
measure for each determination. Care must be taken that the 
mixture is uniform.) 

Weigh, as nearly as possible, 0.5 gram of the wdl-mixed oil into 
the bomb containing the above mixture. Use a medicine dropper and 
a small wdghing bottle. By means of a thin glass rod, stir in the oil 
and thoroughly incorporate it with the peroxide mixture. This 
should be done as quickly as possible (best over glazed paper to catch 
any droppings), so that the peroxide will not be appreciably acted upon 
by the moisture in the air, and also to lessen any possible volatiliza- 

* Professor A. J. Franks, Colo. School of Mines. 
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tion of the oU. With very volatile oils, such as gasoline, this pro¬ 
cedure cannot be followed. Instead, weigh the oil with the use of a 
small, thin glass bulb, having a capillary neck that can be sealed after 
weighing. Break the bulb in the peroxide mixture just before placing 
the cap on the bomb. With such thin liquids stirring is not necessarj-; 
the liquid will penetrate through all parts of the mixture if a short time 
is allowed tor this to take place. 

Tightly dose the bomb and hold it with a pair of crucible tongs in 
the blue flame of a Bunsen burner, to ignite the contents. When 
ignition occurs a slight kick will be felt, and the bomb will suddenly 
become red. As soon as this red glow is observed, immerse the bomb 
instantly in a cup of cold water to prevent decomposition of the rubber 
washer. When the bomb is quite cold, remove and open it, wiping 
it dry with a dean cloth. Remove the cap carefully and place the 
bomb gently on its side in a 400-cc. beaker. If any of the fusion 
adheres to the cap, rinse it into the beaker with the wash bottle. 
Add suffident additional water to the beaker to make a total volume 
of 50-75 cc. Cover the beaker with a watch-glass and cautiously roll 
the bomb about at intervals until the fusion has completely dissolved, 
which usually requires only a few minutes. Occasionally the solution 
goes on very slowly, in which case it can be accelerated by the careful 
addition of a few drops of hydrochloric add. 

When solution is complete, carefully remove the bomb on a glass 
rod and rinse off the outside into the beaker, so as to permit handling 
with the fingers; then wash out the inside thoroughly. Now pour 
about I cc. of strong hydrochloric add into the bomb and again w'ash 
it out well. This is to dissolve partides that sometimes stick to the 
bomb and also to cleanse the latter more effectually. 

Now carefully make the solution just add with strong hydrochloric 
add. Unless caution is used there is likdy to be loss by spattering, on 
accoimt of the rapid evolution of carbon dioxide. A good plan is to 
run the add in a thin stream down the side of the beaker, while con¬ 
stantly stirring with a glass rod. The neutral point can easily be 
detected; when it is reached, the predpitate of ferric hydroxide 
(alwa}^ present) just dissolves, the solution becoming dear. Now 
add 5 cc. of saturated bromine water. This is to ensure complete 
oxidation of all the sulphur to sulphuric add and all iron to the ferric 
condition. This would appear to be an mmecessary precaution, but 
erperience has diown that unless it is taken the results are not con- 
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sistent and iron is almost always found in the subsequent barium sul¬ 
phate precipitate. 

Now add ammonia just to alkalinity. Much of an excess will 
necessitate tedious boiling off or neutralization later. Bring the solu¬ 
tion to a vigorous boil, to coagulate the ferric hydroxide and expel the 
slight excess of ammonia. Filter the hot solution, washing with hot 
water. A small wad of absorbent cotton in the apex of the filter will 
facilitate filtration and washing. Three of four washings are sufli- 
dent if the percentage of sulphur is low; otherwise, wash thoroughly. 

If all the excess ammonia has been boiled off, addify the solution 
by the addition of i cc. of strong hydrochloric add, dilute to about 
225 cc., heat to boiling and add, very slowly, from a pipette, 5-10 cc. 
of a 10 per cent solution of barium chloride, the amoimt depending 
upon the expected amount of sulphur. 

In case the excess ammonia has not been boiled off, it must be 
neutralized carefully With hydrochloric add, with a piece of blue litmus 
paper as indicator. Then add i cc. of strong hydrochloric add and 
proceed as above. 

Continue the boiling until the predpitate is well formed, perhaps 
twenty minutes. About 200 cc. of liquid should remain. Allow to 
stand overnight and then filter the predpitate through a close 7-cm. 
paper (Munktell No. 00). Carefully wash predpitate and paper 
with a fine stream of cold water until free from chlorides, testing the 
filtrate from time to time with silver nitrate solution until no predp¬ 
itate or doudiness is obtained. 

Ignite the damp filter and predpitate in a small (about No. 000) 
porcelain crudble at a dull red heat, until the carbon is completely 
bvuned. The residue of barium sulphate will be pure white if the 
procedure has been correctly followed. BaSOi X 0.1373 =S. 

At least two blanks should be run on each new lot of reagents, 
and the gross results corrected accordingly. If the blanks do not 
check dosely they should be repeated, where accmate results are 
desired. 

It is necessary to mix the oil and peroxide mixture with a glass rod 
to obtain a complete combustion of the organic matter. It is advisa¬ 
ble to have the amount of oil wdghed as dose as possible to 0.5 gram. 
A larger amount (over 0.55 gram) will not be completely burned. 
If the amount is smaller, the errors are larger. Where very accurate 
results are not required it is not necessary to remove the iron with 
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ammoma. The presence of iron brings the results slightly high, and 
precise work therefore requires its absence. It is necessary- to precip¬ 
itate the barium sulphate from a boiling solution and to continue the 
boiling for some time, otherwise the precipitate will be finely di\-ided 
and tend to run through the filter-paper. 

It is always advisable to save and examine the filtrate from the 
barium sulphate precipitate. Even with extreme care and with 
the best filter-papers, a small amount of barium sulphate sometimes 
runs through, although the quantity is usually insignificant. In case 
it is evidently appreciable, it should be refiltered, through another 
filter, and this paper ignited with the first precipitate. 


nitric acid method for determining sulphur in oils 

This method has been developed by C. E. Waters,* whose descrip¬ 
tion of it follows. According to the investigations of Franks,! it is 
neither as short nor as consistently accurate as the sodium peroxide 
method described above; but it is nevertheless an excellent method 
as an alternative, if the Parr bomb is not available. 

Weigh from 0.5 to 2.0 grams of oil in a loo-cc. porcelain crucible, 
add 5 cc. of concentrated nitric acid which has been saturated with 
bromine, and at once cover with a watch-glass. WTien rather volatile 
oils, or those which smell of hydrogen sulphide, are analyzed, the cru¬ 
cible should be covered during the weighing, and each sample should be 
treated with the acid at once, and not be left imtil the series of weigh¬ 
ings is finished. 

Place on the steam-bath, but not in direct contact with the steam, 
anA digest for thirty minutes or more, with an occasional gentle 
swirling of the contents of the crucible. Unless the mixture threatens 
to foam up to the cover, the crucible may now be heated by the direct 
steam for two or three hours. If there is much foaming, the digestion 
at moderate heat must be continued longer. 

Remove the crucible from the bath, and when its contents have 
cooled somewhat, add cautiously, in small portions, 10 or 12 grams of 
anhydrous sodium carbonate. This is convemently measured in a 

♦ U. S. Bureau of Standards, Tech. i77- 
t A, J. Franks, Colo. School of Mines. 
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iS-cc. crucible, rather than weighed. The first portions of soda often 
remain on top of the oily layer, so that the crucible must be tilted or 
swirled sligh tly to start the reaction. When about half the soda has 
been added, rinse the watch-glass cover with t or 2 cc. of warm water 
and leave it off. Pour in the rest of the soda. With a glass rod, 
about 3 mm. thick and 12 cm. long, thoroughly mix the contents 
of the crucible and spread the pasty mass around on the sides and 
half to two-thirds of the way to the top. The rod is left in the 
crucible, which is then placed on the steam bath, or in an air-bath at 
100° C. 

When its contents are dry enough, the crucible is placed in an 
inclined position on a wire triangle, and the ignition is started over a 
low flame. When more than i gram of oil has been taken, there is a 
tendency for it to bum too briskly, but this is easily controlled by 
judicious use of the stirring rod which scrapes the burning portion 
away from the rest. When part of the mass has burned white, more 
is worked into it, and so on until all of the organic matter is destroyed. 
It is necessary to hold the crucible with the tongs during this opera¬ 
tion. Toward the end of the ignition, the flame may be increased 
somewhat, but it is rarely necessary to heat the crucible to redness. 
With care, a good crucible should last for many determinations. Of 
two crucibles which had been used for seventeen determinations each, 
and were stfll in almost perfect condition, one had lost just 100 mg., 
and the other i.i mg. less. 

If a suitable muffle is available, the ignitions can be made at a 
temperature not above 550®. The glass rod should be removed and 
the crucible covered with a watch-glass. The principal danger is 
that the oil may start to bum at some point and the whole mass begin 
to ^ow in a few seconds. In this case the cover may be blown aside 
and loss by spattering occur. Under proper conditions, several igni¬ 
tions can be made at one time. 

According to the amount of oil taken, the mixture of sodium salts 
resulting from the combustion varies from granular to pasty when hot. 
After cooling, place the cmdble upright in a 400-cc. beaker and fill it 
with distilled water. After a short time lay it on its side, cover the 
beaker and digest on the steam-bath. When the salts have dissolved, 
remove and rinse the cradble. 

Filter the solution to remove specks of carbon, bits of the glass rod, 
etc. Addify with concentrated hydrochloric add, using Congo-red 
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paper as indicator, and add 2 cc. of acid in excess. The neutralization 
proceeds more safely if nearly the required amount of acid is put in the 
covered beaker into which the solution is filtered. It is safe to use 
10 cc, of acid for this, but the exact amount cannot be stated, because 
the total amount of carbonate and nitrate to be neutralized depends 
upon how much oil was taken. The acidified filtrate and wash water 
should have a volume of about 175 cc. Heat on the steam-bath, add 
10 cc. of barium chloride solution (containing 100 grams of cr}’stallized 
salt in I liter), and digest on the bath until the supernatant liquid is 
clear. If possible, delay the filtration until the next day. 

A blank should be nm with every new lot of reagents. An ignition 
is made just as if oil were present, because the flame may contain 
enough sulphur to be corrected for. Even when the correction 
amounts to several milligrams, almost no precipitate may be seen 
before the solution has stood for several hours.* 

It is needless to describe how the barium sulphate is filtered off, 
washed and ignited. (See peroxide method.— k, H. L) 

Note ,—For sources of error, correction for occlusion and general 
discussion, see original paper. 

The method has been used for coal, lignite, peat, organic sub¬ 
stances, etc. 

Notes on the Abcn'e Method by Franks f—Instead of the loo-cc. 
crucible recommended by Waters, I prefer a 75- to loo-cc. porcelain 
casserole. Waters directs to use 0.5 gram to 2 grams of oil. I find 
that I gram gives good results; 2 grams is too much. I find, also 
that 12 grams of anhydrous sodium carbonate are required. Use of a 
smaller amoimt causes too vigorous combustion during the fusion 
process, which results in sputtering and inconsistent results. The use 
of more than 12 grams makes combiistion difficult and the carbon is not 
easily burned off. 

I usually prefer to ignite over a wire gauze. The naked flame tends 
to cause overheating and hence too sudden combustion, which causes 
sputtering and loss of sulphur. The best way to make the fusion is to 

* It is not necessary to have the solution boiling when the barium chloride is added, 
or to digest the precipitate with the boiling solution. Hillebrand (Anal, of Carb. Rocks, 
Bull, 700, U. S. Geol. Surv., p. 232) says “at a bofling heat or on the steam-bath.” It is 
much more convenient to use the steam-bath, and there is no danger of loss by bumping; 
also, as pointed out by Hillebrand, there can be no contamination by sulj^ur from the 
flame. 

t Private communication. 
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Start it carefully on one side of the casserole. As the mass ignites it 
should be rapidly stirred at the point of combustion and the imbumed 
material gradually worked into this heated zone. If the ignition is 
allowed to start at the bottom of the casserole, where most of the mgcg 
lies, it is liable to begin suddenly and violently and occasion loss. 
Also, the high temperature developed by this sudden ignition materi¬ 
ally shortens the life of the casserole. 

In the precipitation of barium sulphate, I always bring the solu¬ 
tion to a boil before adding the barium chloride solution. The barium 
srdphate precipitate is allowed to stand overnight and is filtered the 
next day through a 7-cm. (No. 00, Munktell) paper. The precipitate 
is ignited in a No. 000 porcelain crucible. 


BISMUTH IN ORES* 

Run down 10 grams of the ore with sufficient litharge and the 
necessary fluxes to produce a lo-gram lead button. Roll the lead 
button into a ribbon and dissolve it in a noixture of 25 cc. of nitric 
acid and 50 cc. of water, by wan n ing. Heat the solution nearly to 
boiling and neutralize with ammonia, finally adding it, drop by drop, 
until the precipitate formed has redissolved. Now add i cc. of hydro¬ 
chloric add and dilute with 100 cc. of water. Bring to a boil and then 
allow to stand hot, but not boiling, for an hour and a half. Filter 
through a dose filter and wash with hot water. Dissolve the pre- 
dpitate on the filter with warm dilute nitric add (i : i), using as little 
as possible. Receive the filtrate in an 8-oz. flask. Cool, add $ cc. of 
sulphuric add and boil to fumes. Cool, add 25 cc. of water and heat 
to boiling. Add 10 cc. of alcohol and cool under tap. Filter off 
the lead sulphate without unnecessary delay and wash it well with 
dilute sulphuric add (i : lo). Receive the filtrate in a beaker. Dilute 
it somewhat with water and pass in hydrogen sulphide to saturation. 
Filter off the b:ismuth sulphide, washing with water. Dissolve the 
sulphide on the filter with hot dilute nitric add (1:1). Recdve the 
solution in a beaker. Neutralize with ammonia and then add a 
sligh-t excess of ammonium carbonate. Boil ten to fifteen minutes 
and allow to settle. Filt^, wadi predpitate with hot water and then 
* Method of Arkansas Valley Plant of the American Sm. & Ref. Co. 
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dry. Ignite in a weighed porcelain crucible at a low heat. Cool, 
moisten the residue with nitric acid and again diy and ignite. Weigh 
as bismuth trioxide. Bi203 multiplied by 0.8965 =Bi. 

This method is for ores containing only a few tenths of a per cent 
of bismuth. With ores containing 2-3 per cent, it is better to treat 
0.5 gram without running into a lead button. 

If antimony interferes, separate by precipitating the bismuth with 
hydrogen sulphide from an alkaline solution. 


BISMUTH m BISMUTH BULLION* 

Standard Solutions 

Silver Nitrate.—Dissolve 1.038 grams of pure silver in 10 cc. of 
nitric add and dilute to i liter. 

I cc. =0.002 gram Bi. 

Ammonium Thiocyanate.—^Dissolve 0.732 gram and dilute to i 
liter. 

I cc. = I cc. of the silver solution. Determine the relation exactly 
by titration, using ferric altun as indicator. fSee Chloresx. 3.J 

Procedure 

Up to 25 per cent, weigh out 10 grams and dissolve in 15 cc. of 
nitric add. 

From 25 to 50 per cent, 5 grams in 10 cc. of nitric add. 

Over 50 per cent, 2 grams in 10 cc. of nitric add. 

Weigh the determined amount into a 600-cc. beaker. Add 50 cc. 
of water and the required amount of nitric add plus i gram of tartaric 
add. Warm until issolved and then dilute to 500 cc. with hot water. 
Boil the solution and add 5 cc. of 85 per cent phosphoric add solution, 
previously somewhat diluted. Continue the b oding for five to ten 
TYiiTnitpg and then allow to settle in a warm place. Filter on a close 
paper and wash two or three times with hot water. Dissolve the 
precipitate through the filter into the original beaker with hot dilute 
(i : i) hydrochloric add. Be sure that none of the bismuth salt 
remains in the paper. Neutralize the filtrate ■with ammonia, cau¬ 
tiously, until a faint permanent doud is produced. Now add. i cc. of 
*Qnial>» Plant, Amor. Sna. & Bcf. Co. 
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I : I nitric add and dilute to 500 cc. with hot water. The bismuth 
predpitates as BiOCl. Allow to settle overnight in a warm place 
and then filter on a dose paper, washing thoroughly with hot water 
until free from soluble chlorides. 

Dissolve the predpitate through the filter with hot i : i nitric add, 
washing the paper well with the same add but not using an undue 
excess. Recdve the filtrate in a 250-cc. flask. Cool completely and 
then from a burette, lun in an excess of the standard silver nitrate 
solution. Shake well to coagulate the silver chloride and then titrate 
the excess of silver nitrate solution with the standard ammonium 
thiocyanate solution, with ferric alum as indicator (see Chlor¬ 
ine, 3). 

This shows the number of cubic centimeters of silver solution con¬ 
sumed by the bismuth, from which the per cent may be calculated. 

It is daimed that this is an excellent method, with a tendency, 
however, toward slightly low results. . 


BISMUTH IN BISMUTH BULLION • 

Wdgh 2 grams into a 600-cc. beaker. Add 10 cc. of nitric add and 
10 cc. of water. Warm until dissolved and then dilute to 500 cc. with 
hot water. Heat to boiling, add 5 cc. of S3nrupy phosphoric add and 
continue the boiling for five to ten minutes. Allow to settle in a warm 
place, and then filter the bismuth phosphate on a dose filter, washing 
several times with hot water. Dissolve the predpitate on the filter 
with hot I : i hydrochloric add, recdving the filtrate in an 8-oz. 
“ copper flask.” Add 5 cc. of sulphuric add and boil to dense fumes. 
Cool suflfidently and then dilute, first with cold water and then with 
hot water, to 150 cc. Boil a few minutes and then filter off the lead 
sulphate, washing with dilute sulphuric add (i : 10). Recdve the fil¬ 
trate in a beaker. Add i or 2 pieces of stout sheet aluminum, cover 
the beaker and boil down to about 30 cc., then dilute to about 150 cc. 
and again boil a few minutes. Filter the predpitated metallic bis¬ 
muth through a wdghed Gooch crudble, washing fihst with hot water 
and then with alcohol. Dry at 100® C. to constant wdght and 

• Aajcansas VaHejr Plant, Amer. Sm. & Ref. Co 
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weigh as Bi. The results are likely to be slightly high. (This method 
is slightly modified from the original description.) 


CADMIDM m SPELTER* 

Dissolve 25 grams of sample in a No. 4 beaker in a mixture of 
34 cc. of strong sulphuric acid and 250 cc. of water. In the case of 
very pure zinc it may be necessary to add a few drops of verj’ dilute 
platinum chloride solution, from time to time, to hasten the action. 
The above amount of add is approximately 12.5 cc. more than is 
required to dissolve 25 grams of zinc, and therefore about 12.5 cc. 
of free add will remain in the solution. Lead, copper and probably 
a small amount of cadmium remain undissolved. Pay no attention to 
the flocculent residue, but make sure that all the zinc is dissolved. 
Add 15 grams of solid ammonium sulphate to the warm liquid and 
pass m hydrogen sulphide for ten minutes. Allow to stand, warm, 
for half an hour, and then pass in hydrogen sulphide for ten minutes 
more. All the cadmium is predpitated as sulphide, together with 
considerable zinc sulphide, lead and copper. 

Filter on a izy-cm. paper and wash three or four times with warm 
water. The filtration is rather slow, but proceeds steadily enough if a 
good column is established in the funnel stem. Return the predpitate, 
paper and all, to the beaker in which the precipitation was made, add 
10 cc. of strong sulphuric add and 10 cc. of strong nitric add, cover 
the beaker and heat until sulphuric add fiunes are given off. Ranove 
the beaker from the heat, and to the hot, but not strongly fuming, 
liquid add a few more cubic centimeters of strong nitric add and again 
boil to fumes. 

Repeat the addition of nitric add as above imtil the paper is com¬ 
pletely consumed. This usually requires about three additions of 
add with intermediate fuming. The whole operation requires about 
three-quarters of an hour. It is important that the filter-paper shall 
be completely oxidized. Cool the solution, dilute with water to 200 cc. 
and boil a short time. Allow the solution to cool and the lead sul¬ 
phate to separate. Filter out the predpitate, washing once or twice 
with dilute sulphuric add (i : 20). 

* Ledouz & Co., New Y<^ 
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The liquid now contains about lo cc. of sulphuric add in 200 cc. 
Add 10 grains of ammonium sulphate and pass hydrogen sulphide into 
the warm solution exactly as before. Cadmium comes down as sul¬ 
phide, practically free from zinc. Filter the cadmium sulphide on a 
9-an. paper and wash it three or four times with warm water. Dis¬ 
solve paper and predpitate in a No. 2 beaker with 5 cc. sulphuric 
add and 5 cc. nitric add, and evaporate to fumes. Repeat the evapo¬ 
ration with additions of nitric add, as described above, until the paper 
is destroyed, then cool, add 5 cc. of water and again evaporate to 
fumes. Repeat the addition of water and evaporation to fumes a 
second time. 

These last evaporations are to expel all nitric aad. The work 
should be done in a place free from heavy nitric fumes, since even a 
trace of nitric add interferes with the electrolysis of cadmium. Add 
25 or 30 cc. of water to the sulphuric add residue and heat until aH 
soluble salts are dissolved. Cool, neutralize the excess of free sul¬ 
phuric add with ammonia, using litmus paper as an indicator, and 
then add 4.5 cc. of dilute (i : 2) sulphuric acid. This gives a solution 
containing 1.5 cc. of free sulphuric add. Dilute with water to 125 cc. 
and electrolyze (preferably overnight), using a current of o.i ampere 
and 2.6 volts to about 10 sq. in. of cathode surface (one side). 

The cathode is a perforated platinum cylinder 2| in. high by i§ in. 
in diameter. Under the conditions given, cadmium is predpitated 
free from zinc, even though there be a trace of zinc in the solution. 
Copper also comes down with the cadmium. 

After wdgbing the cathode, dissolve the deposited metal in a 
few drops of dilute nitric add, boil, make alkaline with ammonia, 
dilute to 10 cc., and compare the color with similar solutions containing 
known amoimts of copper. The two or three tenths of a milb'gram of 
coppar usually present may be estimated dosely in this way. 

If the laboratory is not equipped with electrolytic apparatus, cad¬ 
mium may be determined by weighing as sulphate. Since two pre- 
dpitations with hydrogen sulphide, as described, may not remove all 
of the zinc (and will not unless the work is done with great care), a 
third predpitation with hydrogen sulphide should be made. This is 
unnecessary when the dectrolytic method is used, because, under the 
conditions given, small amounts of zinc remain in the electrolyte. 
After the third predpitation of the cadmium sulphide, wash it with 
water, dissolve it in hot dilute nitric add, add | to i cc. of sulphuric 
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acid and evaporate to dryness in a porcelain crucible, then ignite at a 
low temperature to constant weight. Copper will be present here also. 
It should be estimated colorimetrically, calculated to CuSO^ and 
deducted from the weight. 

Note that the presence of a large amoimt of ammonium sulphate 
is essential to good results in precipitating cadmium with hydrogen 
sulphide from sulphuric acid solutions. The proportions of acid and 
water are also important in obtaining clean separations. Those given 
above should be strictly adhered to. 


DETERMINATION OF NITROGEN IN SODIUM NITRATE 

The following modification of Devada’s method was developed by 
L. B. Skinner, formerly General Manager of the Western Chemical 
Manufacturing Co. 


K 



Referring to the accompanying diagram: 

is a 250-cc. flask) containing about 2 in. of strong sulphuric acid. 
B is a 250-cc. flask, containing about 2 in. of a 30 per cent solution 

of sodium hydroxide. 

C is a long-stemmed separatory funnel. 

D is a i-liter flask, in which the reactions take place. 
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jE is an 8-in. Allihn condenser, the bulb packed loosely with glass 
wool and to be heated by steam. 

f is an 8-in. bulb condenser, cooled with water. 

G is a 250-cc. flask, containing standard sulphuric add, for the 
absorption of ammonia given from the nitrate. 

S' is a safety flask used in connection with G, also containing a 
solution of standard add. 

J is a 15- to 20-liter bottle, to act as a reservoir for minus pressure, 
so that at the hdght of the reaction in the flask D, there will always be 
a suction on the whole apparatus. 

/ is a 6-ft. length of i-in., or i J-in. glass tube, which is filled with 
water to about i in. from the top. A tube K passes to the bottom of 
J, thus causing J to act as a gauge for the suction on the apparatus. 

A filter pump, having a capadty of about 10 cu. ft. of air per min¬ 
ute, is used for suction. If this were connected directly with the 
apparatus, without the interposition of the reservoir and gauge, there 
would be danger of some of the flasks collapsing from the high suction. 

£ is a 6-in. evaporating dish, which is to be filled with cold water at 
the beginning of the reaction in G. 

Assembling the Apparatus.—Rinse all parts of the apparatus with 
C. P. water. Put 2 in. of strong sulphtuic add in A, and 2 in. of 30 
per cent sodium hydroxide solution in B. Having the bulbs in E 
packed loosely with glass wool, connect E so that the steam will enter 
at the top and discharge at the bottom. Connect F, arranging it so 
that cold water will enter at the bottom and discharge at the top. 
Run into G, from a burette, an excess of about 5 cc. of the standard 
sulphuric add, and put 10 cc. of the standard add into E. One cubic 
centimeter of the standard add is equivalent to about 0.02 gram of 
sodium nitrate, and, as an amount of nitrate solution containing 2 
grams of the nitrate to be tested is taken for the analysis, the equiva¬ 
lent amount of the standard sulphuric add would be about 100 cc., 
if the nitrate were pure. Ordinarily, 95-99 cc. of the add are suflfi- 
ciait to put in G. Now dilute the standard add in G and H with 
C. P. water to a depth of 2 in. in each case. Connect G and E as 
shown in the diagram. Close the stopcock M and start the suction. 

Procedure.—Wdgh out 100 grams of the nitrate. Dissolve in 
C. P. water, make up to 500 cc. and note the temperature of the solu¬ 
tion. Transfer the solution from the measuring fliask to a dry bottle 
large enough to allow the solution to be well mixed by shaking. After 
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shaking well, pour part of the solution back into the measuring flask, 
using the same funnel as when pouring from the flask into the bottle, 
and rinse the flask well with the solution in this way. This is done in 
order to be sure of having an evenly mixed solution. 

Weigh out 6 grams of the alloy and place in the reaction flask D 
by the aid of a dry, long-stemmed funnel, so as to avoid getting any 
of the alloy on the sides of the flask. Now put exactly lo cc. of the 
nitrate solution into the flask D, having the solution at the same tem¬ 
perature it was in the soo-cc. flask. It is best to measure the nitrate 
solution from a so-cc. burette, which has been checked against the 
500-cc. flask. Connect the flask D and fill the dish L with cold 
water. 

Place 50 cc. of a 20 per cent caustic soda solution (free fcom all 
nitrogen compounds) in the top of the separatorji' funnel C, and rq)lace 
the stopper m the top of C, having the cock R closed during this time. 
By this time the air in 7 will be suflficiently exhausted to cause the 
gauge J to begin to work. Now open the cock M and allow the suc¬ 
tion to draw on the main apparatus until the gauge J begins to work 
again. Make svue that there are no leaks in the stoppers or connec¬ 
tions; if there are no such leaks, there will be no bubbles passing 
through G and H after the apparatiis has once been exhausted. 
Everything being ready, open the cock R and allow the caustic solu¬ 
tion in C to run into D, closing R as soon as the caustic has passed 
through. 

A stream of cold water is kept running into L until most of the 
reactions are finished. After the reaction has subsided until there is 
no great violence in the flask, remove L and allow the reaction to con¬ 
tinue slowly until it is complete, which is shown by the cessation of 
bubbles in G and H. It should require from thirty to forty-five min¬ 
utes for the completion of the reaction in the flask D. When this 
stage is reached, place a small flame xmder D and bring the contents to 
boiling. As soon as the flame is placed under D, turn dry steam into 
the condenser E. Allow the solution to boil slowly until there is no 
more gas passing through the flasks G and H, adding more hot water to 
D when necessary. Now open the stopcock R and allow a stream 
of air to pass through the whole apparatus at the rate of about four 
bubbles per second. Continue this for forty-five minutes, then sqia- 
rate the connection at the top of F and rinse F and all the tubes <x>n- 
necting F,G and H intoGand 
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Transfer the contents of G and H into a large beaker and titrate the 
excess of add with the standard alkali. 

Cochineal may be used as indicator. Allen * recommends making 
the solution in the beaker up to a volume of 500 cc., and adding i cc. 
of methyl red solution f as indicator. The end-point in this case is 
straw-yellow. 

Duplicate results should check within 0.05 of i per cent, at least. 
The principal precaution to observe is not to allow the reaction in the 
flask D to proceed too rapidly at the outset, as this might occasion a 
loss of ammonia. The reaction may be regulated by passing cold 
water into the dish L. Another necessary precaution is to always 
have a minus pressure in the entire apparatus, after the caustic solu¬ 
tion has once been transferred from C to Z>. 

The above method of analysis gives all the nitrogen, whether 
edsting as nitrate or nitrite. Therefore, if it is desired to obtain the 
nitrate only, it will be necessary to titrate part of the soo-cc. solution 
with potassium permanganate for nitrite and deduct the equivalent 
of the nitrite found from the total nitrate indicated by the analysis. 

Standard Solutions.—^The standard sulphuric acid solution is 
made so that i cc. will equal about 0.02 gram of NaNOs. This strength 
is approximated by adding about 12.i grams of ordinary C. P. sul¬ 
phuric add to I liter of distilled water. To standardize, weigh an 
amount of potassium nitrate equivalent to 2 grams of sodium nitrate. 
K the potassium nitrate were absolutely pure and dry, 2.3782 grams 
would equal 2 grams of sodium nitrate. The amount of impurity in 
the potassium nitrate should be determined and allowed for by wdgh- 
ing out a qiiantity equivalent to 2.3782 grams of the pure salt. The 
ordinary C. P. potassium nitrate usually contains from o.oi to 0.03 
of I per cent of impurities othm: than moisture. Before testing or 
using, it should be dried for two hours at 240® C. A large amount 
may be dried at one time and kept in a well-stoppered bottle. 

Dissolve the weighed potassium nitrate in the smallest possible 
amount of water. Place the alloy in the reaction flask D, add the 
potassium nitrate solution and proceed with the process identically as 
directed for the regular analysis. The value of i cc. of the sulphuric 
add, in terms of sodium nitrate, is thus determined. 

* W. S. Allen, General Chemical Company. 

t Allen recommends 0.025 gram of methyl red dissolved in 200 cc. of 95 per cent, 
alcohol. All water used in the analyas must be wdl boiled, as this indicator i$ sensitive 
to CO*. 
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The standard alkali solution for titrating the excess of acid above 
what was required to neutralize the ammonia evolved, is prepared by 
dissolving 9.5 grams of C. P. NaOH in i liter of water. Check the 
alkali solution against the standardized sulphuric add and finally 
bring it to the point at which i cc. will equal i cc. of the standard 
add. 

In case C. P. potassiiun nitrate for standardmng cannot be 
obtained, it is satisfactory to use absolutely C. P. nitric add, titrating 
the same with a standard solution of caustic soda which is absolutely 
free from any nitrogen compound. After the titration is finished, 
evaporate the solution on a water-bath to a volume of 5 to 8 cc. and 
then transfer it to the reaction flask D, containing the alloy, proceed¬ 
ing from this point precisely as described for the regular analysis. 
The amount of nitric add taken should be approximately equivalent 
to 2 grams of sodium nitrate. The titration will show its exact 
equivalent. 

The AUoy.—^This is of the composition given by Devada and con¬ 
sists of 5 parts zinc, 45 parts aluminum and 50 parts copper. The 
melt is made in a graphite crudble with a well-fitting cover. Skinner's 
directions are, to melt the copper, then to add the aluminum, and 
finally to add the zinc to the melted copper and aluminum. Stir the 
melted alloy well with an iron rod and then pour it into a diy* cold 
mold. Grind the cold alloy until it passes through a 60-mesh screen. 
Keep the ground alloy in a well-stoppered bottle. 


ASSAY FOR RLATnnjM AND PALLADIUM 

Run usual crucible assay for gold, using perhaps five crudbles with 
one assay ton of ore in each crudble. Add a little silver foil to each 
crudble so that there shall be at least 20 parts of silver to i part of 
platinum. 

After cupeUation, flatten the silver buttons and place all together 
in a porcelain crudble. 

Method A .—^Add about 10 cc. of strong sulphuric add and keqp 
almost at boiling point for about thirty minutes. Cool, decant add 
into a beaker and then repeat the parting and dec antin g. ^ ash the 
residue carefully several times, decanting into the same beaker. Re¬ 
serve the gold and platinum residue in the crucible. 
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Sufficiently dilute the washings in the beaker and pass them 
through a small ashless filter to catch any fine specks possible present. 
Pass the filtrate through a similar filter as a blank. Wash both filters 
well with hot water. Reserve the filtrate containing the palladium. 

Ignite the first filter with the reserved gold and platinum residue 
and then weigh. 

Similarly ignite the second filter in a porcdain crucible and deduct 
the weight of the residue from that of the gold and platinum residue. 
This gives the Au+Pt. 

Wrap the Au-Pt residue in 8 grams of lead foil, adding silver so 
as to have at least 12 parts silver to 1 part platinum, and cupel. 
Flatten the resulting silver button and part with nitric add containing 
46 per cent of 1.42 sp gr. add. The washed and ignited residue gives 
the Au (the Pt being here shown by difference). 

Add the washings to the reserved washings, which may meanwhile 
have been evaporating. Add salt to predpitate the silver, which, after 
the usual procedure, is to be filtered off and discarded. 

Neutralize the filtrate (containing Pt and Pd) with ammonia, re- 
addify slightly with hydrochloric add and pass in hydrogen sulphide 
for thirty minutes, finally allowing to stand over night. Now filter, 
wash, ignite at a moderate temperature and weigh. Run blank on 
filtrate and deduct. This gives combined Pt and Pd. 

Treat residue by warming ten minutes with strong nitric add. 
Dilute, filter and wash. Ignite and weigh residue as Pt. 

Neutralize filtrate with ammonia, readdify with hydrochloric add 
and predpitate with hydrogen sulphide precisely as before, except that 
several hours’ standing is usually suffident. Filter, wash, ignite and 
wdgh as Pd. The wdght should check that obtained above by 
difference. 

Method B.—Instead of parting with sulphuric add, use nitric add 
of 1.2 sp. gr. Wdgh the residue as Au. The filtrate and washings 
contain the Pt and Pd, Remove and discard the silver as above. 
Neutralize the filtrate with ammonia, add hydrochloric add and 
separate the Pt and Pd as above. 
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RELATION OF BAUME DEGREES TO SPECIFIC GRAVITY, FOR LIQUIDS 
LIGHTER THAN WATER, AT 60 ’ F. 


Baum6 

Specific 

Gravity. 

Bauin6. 

Specific 

Gravity. 

Baum6. 

Specific 

Gravity. 

Baum6. 

Specific 

Gravity. 

10 

i 0000 

31 

0 869s 

52 

0 7692 

73 

0 6896 

II 

0 9929 

32 

0 8641 

53 

0 7650 

74 

0 6863 

12 

0 9859 

33 

0.8588 

54 


75 

0 6829 

13 


34 

0.8536 

55 

0 7567 

76 

0 6796 

14 

0 9722 

35 

0 8484 

56 

0 7526 

77 

0 6763 

IS 

0 9655 

36 

0 8433 

57 

0 7486 

78 

0 6730 

i6 

0 9589 

37 

0 8383 

S8 

0 7446 

79 

0 6698 

17 

0 9523 

38 

0 8333 

59 

0 7407 

80 

0 6666 

i8 


39 

0 82S4 

60 

0 7368 

81 

0 6635 

19 

0 939 S 

40 

0 8235 

61 

0 7329 

82 

0 6604 


0 9333 

41 

0 8187 

62 

0 7290 

83 

0 6573 

21 

0 9271 

42 

0 8139 

63 

0 7253 

84 

0 6542 

22 

0 9210 

43 

0 8092 

64 

0 7216 

8S 

0 6511 

23 

0 9150 

44 

0 8045 

65 

0 7179 

86 

0 6481 

24 

0 9090 

45 

0 8000 

66 

0 7142 

87 

0 6451 

25 

0 9032 

46 

0 7954 

67 

0 7106 

88 

0 6422 

26 

0 8974 

47 

0 7909 

68 

0 7070 

89 

0 6392 

27 

0 8917 

48 

0 7865 

69 

0 703s 

90 

0 6363 

28 

0 8860 

49 

0 7821 

70 

0 7000 

95 

0 6222 

29 

0 8805 

SO 

0 7777 

71 

0 6965 



30 

0 8750 

SI 

1 

0 7734 

72 

0 6930 




RELATION OF BAUME DEGREES TO SPECIFIC GRAVITY FOR LIQUIDS 
HEAMER TH;VN WATER, AT 60 ’ F 


Baumd. 

Specific 

Gravity 

Baum6. 

Specific 

Gravity. 

Baume. 

Specific 

Gravity, 

Baum6 

Specific 

Gravity. 

0 

I 

0000 

18 

I 1417 

36 

I 3303 

54 

1 S934 

I 

I 

0069 

19 

I 1508 

37 

1.3426 

55 

I 6III 

2 

I 

0140 

20 

I 1600 

38 

i’35Si 

56 

I 6292 

3 

I 

0211 

21 

I .1694 

39 

1-3679 

57 

I 6477 

4 

I 

0284 

22 

11789 

40 

1.3810 

S8 

I 6667 

5 

I 

0357 

23 

1.1885 

41 

1.3942 

59 

I 6860 

6 

I 

0432 

24 

1.1983 

42 

1.4078 

60 

1 7059 

7 

I 

0507 

25 

I .2083 

43 

I 4216 

61 

I 7262 

8 

I 

0584 

26 

1.2185 

44 

1-4356 

62 

I 7470 

9 

I 

0662 

27 

1.2288 

45 

14500 

63 

I 7683 

10 

I 

0741 

28 

I 2393 

46 

14646 

64 

I 7901 

II 

I 

0821 

29 

1 2500 

47 

14796 

6S 

1.8125 

12 

1 

0902 

30 

I 2609 

48 

14948 

66 

I 8354 

13 

I 

0985 

31 

I. 2719 

49 

15104 

67 

1.8589 

14 

I 

1069 

32 

I 2832 

50 

1.5263 

68 

1,8831 

IS 

I 

1154 

33 

I 2946 

51 

15426 

69 

1.9079 

16 

I 

1240 

34 

I 3063 

52 

1 SS9I 

70 

1.9333 

17 

I 

1328 

35 

1.3182 

53 

1 5761 




329 





































330 
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TABLE OF MEASURES AND WEIGHTS 

Measures oe Capacity 

A. Dry Measure 
I bushel=2150 42 cubic inches. 

I ** = the volume of 77 627 pounds of distilled water at 4® C. 

Legal: i liter=0 908 quart. 

I bushel=4 pecks=8 gallons=32 quarts =35 24229 liters. 

I peck —2 gallons* 8 quarts* 8 81057 liters. 

I gallon * 4 quarts*|]|’4 40528 liters. 

I quart * 1.10132 liters. 

B. Liquid Measure 

I U. S. gallon* 231 cubic inches, 

I gallon*the volume of 8 3388822 pounds*58378 troy grains of distilled water at 4° C.’ 

(Stillman, Engineering Chemistry.) 

I “ =58318 grains of water at 62° F. (U. S. Phar.) 

I = 58334 9+grams of pure water at 60® F,, weighed in air at 60® F., at barometric'' 
pressure of 30 inches of mercury. (Mason, Examination of Water.) 

Legal: i liter =1.0567 quart*0 26417 gallon. 

I gallon*4 quarts*8 pints*32 gills* 3 78544 liters. 

I quart *2 pints* 8 gills*0 94636 liter. 

I pint * 4 gills* o 47318 liter. 

I gill *0 118295 liter. 

I cubic foot* 7 48 gallons* 28 315 liters*62 42 pounds of water at 60° F. (Stillman.) 
I cubic foot of water at 62® F.*62 355 pounds avoirdupois = 28,320 grams 
I cubic inch of water at 62® F.*o 0361 pound avoirdupois* 16 387 grams. (Watts* 
Dictionary, V, loio.) 

Linear Measure 

I yard*o 91440 meter. 

I foot *0 30480 meter. 

I inch =0 0254 meter. 

39 37 inches* I meter. 

Weights 

I grain troy *0 0648004 gram. 

I pound troy*o 822857 pound avoirdupois. 

I pound avoirdupois* 7000 grains troy * i .215279 pounds troy. 

Troy Weight 

I pound=i2 oz.*240pwts.*5760 grains* 373 . 24 i 8 grams. 

ioz.= 20 pwts.* 480 grains* 31.1035 grams, 
ipwt. * 24 grains* 1.5552 grams. 

I grain = o 0648 gram. 

I gram*15.432 troy grains. 
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Avoirdupois Weight 

I ton= 20 hundredweight = 2240 pounds = 1016 04 kilograms. 

I hundredweight = 112 pounds* 50 So kilograms. 

I pound* 16 ounces* 256 drams =7000 00 grains=453 5900 grams. 

I ounce * 16 drams* 437 50 grains* 28 3495 grams. 

I dram * 27 34 grains* i 7718 grams. 
I net ton*2000 pounds* 29166! ozs. troy*907 19 kilograms. 

Metric Ton 

I metric ton* 1000 kilograms. 

CONVERSION OF THERMOMETER READINGS 

To convert Fahrenheit to Centigrade, subtract 32 and multiply by f. 
To convert Centigrade to Fahrenheit, multiply by f and add 32. 


BEAKER NUMBERS AND CORRESPONDING CAPACITIES 


Number. 

Capacity, cc. 

000 . 

. IS 

00 

* 35 

0 

SS 

I 

. 100 

2 

150 

3 

250 

4 

350 

S 

500 

6 

. 700 

7 

900 

8 

1500 

9 

. . 2000 

10. 



PERCENTAGE SOLUTIONS 

In this book the percentage of a salt in a solution is taken as the weight in grams in 
100 cc. of the solution. This, of course, does not express the actual percentage correctly, 
but the system is easily understood and is used for convenience. Thus, a 10 per cent 
solution of a salt means 10 grams dissolved in the liquid and made up to 100 cc. 
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INTERNATIONAL ATOMIC WEIGHTS, 1921 


c 

ymbol. 

Atomic 

Weight 

c 

symbol. 

Atomic 

Weight. 

Aluminum 

Antimony . 

Argon 

Arsenic . . 

Banum 

Bismuth... . 

Boron . . 

Bromine. 

Cadmium .. 

Caesium 

Calcium. 

Carbon . . 

Cerium 

Chlorine 

Chromium . 

Cobalt . . • 

Columbium 
(Niobium) 

Copper. 

Dysprosium 

Erbium. 1 

Europium. 

Fluorine — 
Gadolinium . 

Gallium. 

Germanium. 

Glucinum 
(Beryllium) . 

Gold. 

Helium. 

Holmium. 

Hydrogen. 

Indium. 

Iodine. 

Iridium. 

Iron. 

Krypton. 

. 

Lead . 

lithium. 

Lutecium. 

Magnesium.... 
Manganese.. . . 

A 1 

Sb 

A 

As 

Ba 

Bi 

B 

Br 

Cd 

Cs 

Ca 

C 

Ce 

Cl 

Cr 

Co 

Cb 

Cu 

Dy 

Er 

Eu 

F 

Gd 

Ga 

Ge 

G 1 

Au 

He 

Ho 

H 

In 

I 

. Ir 

Fe 

. Kr 

. La 

. Bb 
li 
Lu 
Mg 
Mn 

27 I 

120 2 

39 9 

74 96 

137 37 

208 0 

10 9 

79 92 

112 4 

132 81 

40 07 

12 oos 

140 25 

3 S 46 

52 0 

S8 97 

93 1 

63 S 7 

162 s 

167 7 

152 0 

19 0 

137 3 

70 I 

72 5 

9 I 

197 2 

4 0 

163 S 

r 008 
ir4.8 

126 92 

193-I 

55 84 
82.92 

139 0 

207.2 

6.94 

175-0 

24-32 

54 93 

Mercury 

Molybdenum 

Neodymium 

Neon 

Nickel . 

Niton 

Nitrogen. . 

Osmium 

Oicygen 

Palladium 

Phosphorus . 

Platinum 

Potassium 
Praseodymium 
Radium . 

Rhodium 

Rubidium 

Ruthenium 

Samarium 

Scandium 

Selenium 

Silicon 

Silver. 

Sodium 

Strontium 

Sulphur 

Tantalum. 

Tellurium . 

Terbium 

Thallium. 

Thorium . 
Thulium.. 

Tin. . . . 

Titanium 

Tungsten.. . 
Uranium .. . 

Vanadium. .. 
Xenon . .. 
Ytterbium 

(Neqytterbiuin) 
Yttrium. . . 

Zinc. .. . 
Zirconium 

Hg 

Mo 

Nd 

Ne 

Ni 

Nt 

N 

Os 

0 

Pd 

P 

Pt 

K 

Pr 

Ra 

Rh 

Rb 

Ru 

Sa 

Sc 

Se 

Si 

Ag 

Na 

Sr 

S 

Ta 

Te 

Tb 

T 1 

Th 

Tm 

Sn 

Ti 

W 

U 

V 

Xe 

Yb 

Yt 

Zn 

Zr 

200 6 

96 0 

144 3 

20 2 

58 68 

222 0 

14 008 

190 9 

16 0 

106 7 

31 04 

m 2 

39 I 

140 9 

226 0 

102 9 

8s 4 S 
loi 7 

ISO 4 

45 I 

79 2 

28 3 

107 88 

23 0 

87 63 

32 06 
i8r 5 

127 5 

159 2 
204.0 

232 15 
r68 5 

118 7 

48 r 

184 0 

238 2 

SI 0 
130 2 

173 5 

89 33 
6s 37 

90 6 











TABLES 


333 


CHEMICAL FACTORS AND THEIR LOGARITHMS 


1 

Weighed. 

Required 

Factor. 

Log.* 

Aluminum . 

AlfiOs 

A 1 

0 S303 

9 724s 


AIPO4 . 

AliOs 

0.4185 

9 6217 

Antimony 

SbaO* 

Sb 

0 7897 

9 897s 

Arsenic 

AS 2 Ss« •. 

As 

0 6091 

9 7847 


<c 

AS2O8 

0 8040 

9 9053 


Mg 2 AS 207 

As 

0 4827 

9 6837 


(C 

AsaOa 

0 6372 

9 8043 


ct 

AsaOs 

0 7403 

9 8694 

Barium. 

BaS04 

Ba 

0 5885 

9 7697 


tt 

BaO 

0 6570 

9 8176 


BaCOa 

Ba 

0 6960 

9 8426 


C( 

BaO 

0 7771 

9 890s 


BaCr 04 

Ba 

0 5422 

9 7341 


tt 

BaO 

0 6053 

9 7820 

Bismuth. 

B12O3 

Bi 

0 8965 

9 95*6 


BiOCl 

Bi 

0 8017 

9 9040 


tt 

BiaOa 

0 8941 

9 9513 

Bromine. 

AgBr 

Br 

0 4256 

9 6290 


tt 

HBr 

0 4309 

9 6344 

PfljHTninni . 

CdO 

Cd 

0 8734 

9 9422 


CdS 

Cd 

0 7780 

9 8910 


tt 

CdO 

0 8888 

9 9488 


CdSOi 

Cd 

0 5392 

9 7317 

Calcium . 

CaO 

Ca 

0 7146 

9 8541 


CaCOs 

Ca 

0 4004 

9 6025 


tt 

CaO 

0 5603 

9 7484 


CaSO. 

Ca 

0 2944 

9 4689 


« 

CaO 

0 4119 

9 6148 

Carbon. ... 

CO2 

C 

0 2727 

9 4357 

Chlorine. 

AgCl 

Cl 

0 2474 

9 3934 


(( 

HCl 

0 2543 

9 4053 


Ag . 

Cl 

0.3287 

9 5168 


tt 

HCl 

0 3380 

9 5290 

Chromium. 

CraOa . 

Cr 

0 6842 

9 8352 


(t 

CrOa 

I 3158 

0 1192 


tt 

Cr 04 

I 5257 

0 1834 


PbCr04 

Cr 

0 1609 

9 2067 


t( 

CrO, 

0 309s 

9 4907 


tt 

CrOi 

0 3594 

9 5556 


BaCr04 

Cr 

0 2052 

9 3125 


tt 

CrOa i 

0 3947 

9 5963 


tt 

Cr 04 

0 4580 

9 6609 

Cobalt. 

Co . . . 

CoO 

I 2713 

0 1043 


C0SO4 .. 

Co 

0 3804 

9 5802 


<< 

CoO 

0 483s 

9.6844 


* The —10 after the logaxitbms is omitted. 
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CHEMICAL FACTORS AND THEIR LOGARITHMS—Con«i»«ed 



Weighed. 

Required. 

Factor. 

Log.* 

Copper. . • 

Cu . . 

CuO 

12517 

0 0975 


CuO 

Cu 

0 7989 

9 9025 


CU2S 

Cu 

0 7986 

9 9023 



CuO 

0 9996 

9 9998 


CuaCCNS). . 

Cu 

0 5226 

9 7181 

Fluorine. 

CaFa 

F 

0 4866 

9 6872 

Hydrogen. 

HaO 

H 

0 1119 

9 0488 

Iodine.. . • • 

Agl . . 

I 

0 5405 

9 7328 



HI 

0 5448 

9 7362 

Iron. 

FcaOs. 

Fe 

0 6994 

9 8447 


it 

FeO 

0 S99S 

9 9542 

Lead. 

PbO 

Pb 

0 9283 

9 9677 


PbOa . 

Pb 

0 8662 

9 9376 


PbS .. 

Pb 

0 8659 

9 9375 



PbO 

0 9328 

9 9698 


PbS 04 . 

Pb 

0 6831 

9 8345 


(( 

PbO 

0 7359 

9 8668 


PbCla 

Pb 

0 7449 

9 8721 


ft 

PbO 

0 8025 

9 9044 


PbCr 04 

Pb 

0 6410 

9 8068 


it 

PbO 

0 6905 

9 839* 

Magnesium. 

MgO 

Mg 

0 6032 

9 7804 


MgaPiOr 

Mg 

0 2184 

9 3392 


tt 

MgO 

0 3621 

9 5588 


MgS 04 , 

Mg 

0 2020 

9 3054 


C{ 

MgO 

0 3349 

9 5249 

Manganese. 

Mn 304 . 

Mn 

0 7203 

9 8575 


it 

MnO 

0 9301 

9 968s 


MnS.. 

Mn 

0 6314 

9 8003 


c< 

MnO 

0 BiS 3 

9 9113 


MnaPgOy 

Mn 

0 3867 

9 5874 


ii 

MnO 

0 4996 

9 6986 


MnSOd 

Mn 

0 3638 

9 5608 


(( 

MnO 

0 4697 

9 6718 

Mercury. 

Hg. ' ! 

HgO 

I 0800 

0 0334 


HgS. 

Hg 

0 8622 

9 9356 


tl 

HgO 

0 9308 

9 9689 


HgCl .. 

Hg 

0 8498 

9 9293 


tt 

HgO 

0 9174 

9 9626 

Molybdenum. 

MoOs. 

Mo 

0 6667 

9 8239 

Nickel. 

Ni. 

NiO 

I 2727 

0 1047 


NiO. 

Ni 

0 7858 ! 

9 8953 


NiSOd . 

Ni 

0 3793 

9.5700 


tt 

NiO 

0 4827 

9 6837 


*Tat —10 after the logarithms is omitted. 
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CHEMICAL FACTORS AND THEIR LOGARITHMS-Co»/m««f. 



Weighed 

Required, 

Factor. 

Log.* 

Nitrogen. 

(NH 4 ) 2 PtCl 6 . . . 

N 

0 0631 

8 8000 


it 

NHs 

0 0767 

8 8848 


(C 

NH4 

0 0812 

8 9098 


Pt.. . 

N 

0 I 43 S 

91570 


tt 

NH3 

0 I 74 S 

9 2418 


tt 

NH4 

0 1848 

9 2678 

Phosphorus. 

Mg 2 P 207 

P 

0 2787 

9 4452 


It 

PO4 

0 8534 

9 9312 


tt 

P.O5 

0 6379 

9 8048 


(NHOaPOd i2MoOa 

P 

0 0165 

8 2185 


tt 

PO4 

0 0506 

8 7044 


tt 

P.O5 

0 0378 

8 5780 

Potassium. 

KCl. . 

K 

0 5244 

9 7197 


it 

K2O 

0 6317 

9 800s 


KaPtCle 

K 

0 1608 

9 2064 


tt 

K2O 

0 1938 

9 2873 


K2SO4 

K 

0 4487 

9 6520 


tt 

K2O 

0 5405 

9 7328 

Selenium. 

Se . . 

Se02 

I 4040 

0 1474 

Silicon. 

S1O2. 

Si 

0 4693 

9 671s 

Silver. 

AgCL . 

Ag 

0 7526 

9 8766 


AgBr 

Ag 

0 5744 

9 7592 


Agl 

Ag 

0 4595 

9 6622 


Ag2S 

Ag 

0 8707 

9 9399 

Sodium. 

NaCl 

Na 

0 3934 

9 5949 


<c 

Na ,0 

0 5303 

9 724s 


Na,S 04 

Na 

0 3238 

9 S103 


tt 

NaaO 

0 4364 

9 6399 


Na2C03 

Na 

0 4345 

9 6380 


<< 

NasO 

0 5853 

9 7674 

Strontium. 

SrC03 .. 

Sr 

0 5936 

9 7735 


tc 

SrO 

0 5641 

9 8463 


SrS04 . . 

Sr 

0 4770 

9 6785 


tt 

SrO 

0 5641 

9 7514 

Sulphur. 

BaS04 

S 

0.1374 

9 1379 


tt 

SO2 

0 2745 

9 4385 


tt 

SO3 

0.3430 

9 5353 


tt 

SO4 

0.4115 

9 6144 


te 

H2SO4 

0 4202 

9 6234 

Tin.. 

Sn 02 _-TTITIITI 

Sn 

, 0.7881 

9 8966 



Titanium . 

Ti 02 . 

Ti 

1 0 6005 

9 7785 

Uranium. 

(UQ2)aPjO, . 

U 

0.6670 

9 8241 


tt 

UaOs 

0.7877 

9 8964 


DA. 

U 

1 0.8482 

9 9285 

Zinc . 

ZnO. 

Zn 

0.8034 

9 9049 


ZnS. 

Zn 

0.6709 

9.8266 


tt 

ZnO 

0.8351 

9.9217 


* Tlie-io after tiie losantluns is omitted. 
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0170 0212 
0569 0607 
0934 0969 
1271 1303 
1584 1614 

187s X9O3 

2148 2175 
2405 2430 
2648 2672 


3263 3284 3304 
3464 3483 3502 
3655 3674 3692 


2$ 3979 3997 
26 4150 4166 


2900 

3118 

3324 

3522 

3711 

2923 

3139 

3345 

3541 

3729 

3892 

4065 

3909 

4082 


4249 

4393 

4548 

4409 

4564 


21 2 S 29 33 37 
19 23 26 30 34 
17 21 24 28 31 
16 19 23 26 29 
IS 18 21 24 27 

14 17 20 22 25 
13 16 18 21 24 
X 2 15 17 20 22 
12 14 16 19 21 

II 13 16 18 20 

II 13 15 17 19 
10 12 14 16 x 8 
10 12 14 IS 17 
9 II 13 IS 17 
9 II 12 14 16 

9 10 12 14 IS 
8 10 II 13 IS 
8 9 IX 13 14 
8 9 XI 12 14 
7 9 10 12 13 


7 9 10 IX 13 

7 8 10 XI 12 

7 8 9 XI 12 

6 8 9 10 12 

6 8 9 10 XI 


6 7 9 10 iz 
6 7 8 10 IZ 
6 7 8 9 10 
6 7 8 9 10 

S 7 8 910 



6656 666s 
6749 6758 
6839 6848 


so 1699016998 
SI 1707617084. 


S 6 8 9 10 

S 6 7 8 9 
S 6 7 8 9 
56789 

56789 

56789 

56778 

55678 

45678 

45678 

45678 

45678 
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1 

1 


2 

3 

H 

s 


1 

8 

9 

Proportional Parts. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

.00 

m 


loos 

1007 

1009 

1012 

1014 

1016 

1019 

1021 

0 

0 

1 

I 

1 

1 

2 

2 

2 

.01 

1023 

1026 

102S 

1030 

1033 

1033 

1038 

1040 

1042 

104 S 

0 

0 

X 

I 

i 

1 

2 

2 

2 

.02 

1047 

1050 

1052 

1054 

1057 

1039 

1062 

1064 

1067 

1069 

0 

0 

1 

I 

■ 

X 

2 

2 

2 

.03 

1072 

1074 

1076 

1079 

1081 

1084 

10S6 

1089 

1091 

1094 

0 

0 

X 

I 


1 

2 

2 

2 

.04 

1096 

1099 

1102 

1104 

1107 

1109 

1Z12 

1114 

1117 

III9 

0 

I 

X 

I 

1 

E 

■ 

2 

2 

•05 

1122 

II2S 

1127 

1130 

1132 

1133 

1138 

1140 

1143 

1146 

0 

X 

X 

1 

1 

1 

H 

2 

2 

.06 

1148 

IISI 

1153 

1156 

1159 

II6I 

1164 

1167 

1169 

1172 

0 

1 

X 

I 

1 

2 

H 

2 

2 

.07 

117s 

1178 

1180 

1183 

1186 

1189 

1191 

1194 

1197 

1199 

0 

I 

I 

1 

1 

2 

2 

2 

2 

.08 

1202 

1205 

1208 

1211 

1213 

1216 

1219 

1222 

1225 

1227 

0 

I 

X 

I 

1 

2 

2 

2 

3 

.09 

1230 

1233 

1236 

1239 

1242 

1245 

1247 

1250 

1253 

1256 

0 

I 

I 

I 

I 

E 

E 

2 

3 

10 

1259 

1262 

1265 

1268 

1271 

1274 
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1279 

1282 

1285 

0 

I 

I 


1 

m 

E 

2 

3 

II 

1288 

1291 

1294 

1297 

1300 

1303 

1306 

1309 

1312 

1315 

0 

I 

I 


E 


2 

2 

3 

.12 

1318 

1321 

1324 

1327 

1330 

1334 

1337 

1340 

1343 

1346 

0 

1 

1 


E 

H 

2 

2 

3 

•13 

1349 

1352 

I 3 SS 

1358 

1361 

1363 

1368 

1371 

1374 

1377 

0 

I 

I 



E 

2 

3 

3 

.14 

1380 

1384 

1387 

1390 

1393 

1396 

1400 

1403 

1406 

1409 

0 

I 

I 


E 

B 

E 

3 

3 

•IS 

1413 

1416 

1419 

1422 

1426 

1429 

1432 

1433 

1439 

1442 

0 

I 

1 


1 

E 

il 

3 

3 

.16 

1445 

1449 

1452 

1455 

1459 

1462 

1466 

1469 

1472 

1476 

0 

I 

I 


2 

2 

2 

3 

3 

•17 

1479 

1483 

I4S6 

1489 

1493 

1496 

1500 

1503 

1307 

1510 

0 

1 

I 


2 

2 

2 

3 

3 

.18 

1514 

1517 

1521 

1324 

1528 

1531 

*333 

1338 

1342 

*343 

0 

I 

I 


2 

2 

2 

3 

3 

.19 

1549 

1552 

1536 

1560 

1363 

1367 

1570 

1574 

1378 

1581 

0 

I 

I 


■ 

m 

3 

3 

3 

.20 

1585 

1589 

1592 

1396 

1600 

1603 

1607 

1611 

1614 

1618 

0 

I 

I 


1 

m 

3 

3 

3 

.21 

1622 

1626 

1629 

1633 

1637 

1641 

1644 

1648 

1652 

1656 

0 

I 

X 

2 

2 

M 

3 

3 

3 

.22 

1660 

1663 

1667 

1671 

1673 

1679 

1683 

1687 

1690 

1694 

0 

I 

I 

2 

2 

M 

3 

3 

3 

•23 

1698 

1702 

1706 

1710 

1714 

1718 

1722 

1726 

1730 

1734 

0 

I 

X 

2 

2 

H 

E 

E 

4 

.24 

1738 

1742 

1746 

1750 

1754 

1738 

1762 

1766 

1770 

1774 

0 

X 

X 

2 

2 

1 

E 

E 

4 

•25 

1778 

1782 

1786 

1791 

1793 

1799 

1803 

1807 

1811 

1816 

0 

I 

I 

2 

E 

M 

1 

1 

4 

.26 

1820 

1824 

1828 

1832 

1837 

1841 

184s 

1849 

1854 

1858 

0 

I 

X 

2 

2 

3 

3 

3 

4 

.27 

1862 

1866 

1871 

187s 

1879 

1884 

I88S 

1892 

1897 

1901 

0 

I 

X 

2 

2 

3 

3 

3 

4 

.28 

1905 

1910 

1914 

1919 

1923 

1928 

1932 

1936 

1941 

1945 

0 

I 

1 

2 

2 

3 

3 

4 

4 

.29 

1950 

1954 

1959 

1963 

1968 

1972 

1977 

1982 

1986 

1991 

0 

X 

X 

2 

2 

3 

3 

4 

4 

•30 

1995 

2000 

2004 

2009 

2014 

2018 

; 2023 

2028 

2032 

2037 

0 

X 

X 

2 

2 

3 

3 

4 

4 

•31 

2042 

2046 

2051 

2056 

2061 

2065 

2070 

2075 

2080 

2084 

0 

X 

1 

2 

2 

3 

3 

4 

4 

32 

2089 

2094 

2099 

2104 

2109 

2113 

2118 

2123 

2128 

2133 

0 

X 

X 

2 

2 

3 

3 

4 

4 

33 

2138 

2143 

214S 

2153 

2158 

2163 

2168 

2173 

2178 

2IS3 

0 

I 

1 

2 

2 

3 

3 

4 

4 

34 

2188 

2193 

219S 

2203 

2208 

2213 

2218 

2223 

2228 

2234 

I 

X 

2 

2 

3 

3 

4 

4 

5 

35 

2239 

2244 

2249 

2254 

2259 

2265 

2270 

2275 

2280 

2286 


I 

2 

2 

3 

3 

4 

4 

5 

36 

2291 

2296 

2301 

2307 

2312 

2317 

2323 

2328 

2333 

2339 


I 

2 

2 

3 

3 

4 

4 

5 

•37 

2344 

2350 

2355 

2360 

2366 

2371 

2377 

2382 

2388 

2393 


1 

2 

2 

3 

3 

A 

4 

S 

38 

2399 

2404 

: 2410 

2415 

2421 

2427 

2432 

2438 

2443 

2449 


I 

2 

2 

3 

3 

4 

4 

5 

'39 

2455 

2460 

2466 

2472 

2477 

2483 

2489 

2495 

2500 

2506 


X 

2 

2 

3 

3 

4 

s 

5 

.40 

2512 

2518 

2523' 

2529 

2535 

2541 

2547 

2553 

2559 

2564 


I 

2 

2 

3 

4 

4 

5 

5 

.41 

2570 

2376 

2582 

2588 

2594 

2600 

2606 

2612 

2618 

2624 

I 

I 

2 

2 

3 

4 

4 

5 

5 

.42 

2630 

2036 

2642 

2649 

265s 

2661 

2667 

2673 

2679 

2685 


I 

2 

2 

3 

4 

4 

5 

6 

.43 

2692 

2698 

2704 

2710 

2716 

2723 

2729 

2735 

2742 

2748 


I 

2 

3 

3 

4 

4 

5 

6 

.44 

2754 

2761 

2767 

2773 

2780 

2786 

2793 

2799 

2805 

2812 


I 

2 

3 

3 

4 

4 

5 

6 

45 

281S 

282s 

2831 

2838 

2844 

2851 

2858 

2864 

2871 

2877 


1 

2 

3 

3 

4 

S 

5 

6 

46 

2884 

12891 

2897 

2904 

291X 

2917 

2924 

2931 

2938 

2944 


I 

2 

3 

3 

4 

5 

5 

6 

47 

2951 

2958 

2965 

2972 

2979 

2985 

2992 

2999 

3006 

3013 


I 

2 

3 

3 

4 

5 

5 

6 

•4^ 

3020 

3027 

3034 

3041 

3048 

30SS 

3062 

3069 

3076 

3083 


I 

2 

3 

4 

4 

*5 

6 

6 

•49 

3090 


310S 

3112 

:3ii9 

3126 

3133 

3141 

3148 



I 

2 

3 

4 

4 

•> 

6 

6 
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